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This  report  covers  work  performed  during  the  period  from 
December  1977  to  August  1980  under  Air  Force  Contract  Nos. 
F33615-78-C-5002  and  F336)  5-R0-C-5011  ,  Project  7381  .  The  work 
was  administered  under  the  direction  of  the  Systems  Support 
Division  of  the  Air  Force  Materials  Laboratory,  Wright 
Aeronautical  Laboratories,  Wright-Patterson  Air  Force  Base, 
Ohio.  Mr.  John  Rhodenarriel  (AFWAL/MLSE)  was  the  Program 
Project  Engineer. 


I 


The  Principal  Investigators  on  this  program  were  D.  Robert 
Askins  and  Ronald  J.  Kuhbander.  The  major  portion  of  the  labora¬ 
tory  work  was  conducted  by  Messrs.  James  McKiernan  (specimen 
fabrication  and  data  documentation)  anu  Donald  By rgo  (testing). 

This  report  was  submitted  by  the  author  in  October  1980. 

The  contractor's  report  number  is  EDR-TR-80-88 . 
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SECTION  1 

BACKGROUND  AND  INTRODUCTION 

The  Air  Force,  as  well  as  the  other  services,  has  been 
utilizing  lightweight,  air  transportable  shelters  for  a  wide 
variety  of  purposes  for  a  number  of  years.  Some  of  the  many 
uses  for  these  type  shelters  include  the  housing  of  personnel, 
hospital  facilities,  offices,  and  electronic  instrument  stations 

Modular  building  concepts  incorporating  such  features  as 
sandwich  wall  construction  and  adhesive  bonding  are  routinely 
used  for  these  structures  to  reduce  production  costs.  Walls 
can  consist  of  honeycomb  or  foam  cores  between  aluminum  skins. 

In  addition  to  the  skin-to-core  bonding  found  in  honeycomb- 
stiffened  wall  construction,  adhesives  are  also  used  for  metal- 
to-metal  lap-type  joints,  and  frequently  serve  both  as  a  load 
bearing  structural  member  as  well  as  a  joint  sealant  against 
environmental  infiltration. 

Shelters  of  this  sort  are  used  in  many  locations  through¬ 
out  the  world,  and  consequently  are  subjected  to  a  wide  variety 
of  environmental  exposure  conditions.  These  range  from  subzero 
arctic  temperatures  to  hot,  dry  desert  climates  as  well  a.;  hot, 
humid  tropical  conditions.  Besides  exposure  to  these  various 
climatic  extremes,  the  shelters  are  periodically  subjected  to 
abnormal  stresses  of  transport  from  one  location  to  another, 
exacerbating  the  demands  made  upon  the  structural  members  and 
bonded  joints . 

The  shelter  design  requi rements  which  most  heavily  in¬ 
fluence  the  type  of  adhesives  selected  for  use  in  structural 
bonding  are 


(a)  Maximum  and  minimum,  exposure  temperatures  of  -40°F  5 
(-40°C)  to  200°F  (93°C)  with  concomitant  interior- tc-exter ior  1 
thermal  gradients  coupled  with  varying  humidity  conditions  up  ^ 
to  saturation,  1 


(b)  Water  resistance, 

(c.)  Overall  stress  loads  ranging  from  300  to  1200  psi 
(2.07  to  8.27  MPa)  ,  and 


k _ - 


i 


i  vi  >  i.onj-toi'Pi  durability  o  1  up  to  ton  years  of  in- the  - 1  iu  1  b 

use . 

hxpen  cnco  has  demons tratcu  that  the  hot. -humid  environment 
is  the  most  dei.iuna:  n*j  and  thui  tin'  adhesively  bonded  joints  in 
these  structures  are  the  sites  most  susceptible  to  failure  as  a 
result  of  exposure  to  the  stresses  arid  c  lima  Lie  conui  Lions 
describee  above. 

The  primary  objective  of  this  investigation  was  to  identity 
commercially  available  adhesives  which  have  the  capability  ot 
retaining  a  substantial  nor  Li  on  oi  their  struetui  ai  ir.tegri  Ly 
after  *o  i  c  I  o  n  g  e  u  exposure-  to  1 1 w  c oiiio i i w r  effects  cl  .j  1l vi tuti 
temperature  and  high  humidity.  A  secondary  objective  was  to 
evaluate  the  effect  of  selected  surface  preparati on  variables 
upon  the  interfacial  durability  of  bonded  joints .  A  majority 
of  the  work  undertaken  was  m  direct  response  to  the  expressed 
concerns  and  desires  of  both  the  shelter  manufacturers  and 
a  one- si  vo  vo  i  i  ■.  i-  r  s  as  wel  1  as  Inu  L  .  ■  i 


tile  various  services  . 


SUCTION  2 
APPROACH 


Two  ^dhesive  characteristics  were  ol:  basic  interest  ir,  this 
evaluation  or  tort :  (1)  the  ability  to  resist  the  combination  oi 

elevated  temperature  and  high  humidity  degrudat  inn ,  and  (2)  1  nw 

temperature  toughness.  Although  quant  l  tative  accept/ reject 
criteria  for  these  two  character:  sti.es  have  not  yet  been  defined, 
the  various  adhesives  evaluated  can  at.  least  be  compared  to  each 
other  and  given  some  sort  of  overall  ranking. 

'Puree  types  ol  tests  were  usee  1. or  Inc  adhesive  evolutions 
conducted  during  this  program:  tl)  lap  sheai ,  (2)  floating 

roller  peel,  and  (3)  st ress-durabi 1 l t\ .  nap  shear  tests  wore 
conducted  io  ir.easui  e  t  lie  el'teci  ot  both  elevated  temperature 
and  humidi  ty  u>,ing  upon  adhesive  poyi  ties,  The  envi  i  onr.ionta  1 
exposure  conditions  were  selected  to  coi  responu  to  those  measured 
in  the  field  [200°i  ( 9  3cC)  and  93-100  percent  relative  humidity], 

l'ee  1  tests  we:  e  cOiH/Uct'LHi  tu  chui  utun  to  tuo  t  ougiiness..  brittle¬ 
ness  ot  the  adhesives  at  low  temperatures  l - 6 S ° P  ( - S *1 0 C )  )  .  Stress- 
durability  tests  were  conducted  to  measure  the  simultaneous  effects 
of  stress,  elevated  temperature,  and  high  humidity  upon  adhesive 
bond  life.  The  envi  rcmental  exposure  conditions  for  these  were 
the  same  as  for  the  lap  shear  tests. 

A  fourth  type  of  mechanical  test  was  used  in  the  evaluation 
of  the  various  surface  preparation  parameters.  This  was  a  thick 
adherend,  double-cantiicver-beam  (DCD)  crack  extension  test. 

The  results  of  these  tests  measured  the  influence  of  surface 
preparation  variables  upon  the  environmental  degradation  of  a 
bonded  joint. 


2.1  MATERIALS  AND  PROCESSUS 

There  are  four  major  categories  cf  materials  ana  processes 
which  were  of  interest  to  this  investigation:  (1)  adherend  alloy; 

(2)  adherend  surraee  preparation  procedure;  (3)  adhesive  surface 
primer;  and  (4)  adhesive. 


The  two  principle  nuhe lend  materials  wore  bare  50521134  and 
bUnlTb  aluminum  alloys.  These  represent  the  two  principle 
aluminum  alloys  used  1 n  shelter  construction  today.  A  third 
aluminum  alloy,  bare  2024T3  was  used  to  a  limited  extent  during 
the  program  because  ol  extensive  prior  experience  with  this 
alley  in  adhesive  bonding  work.  It  is  not  generally  used  in 
shelter  construction ,  because  neither  the  2000  or  7000  series 
aluminum  alloys  are  easily  welded  or  are  as  corrosion  resistant 
as  the  5000  or  GOuO  scries  alloys. 


‘ 
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The  primary  surface  preparation  procedure  t sed  for  the 
adhesive  bond  i  ng  work  in  this  picui  ram  was  the  optimized  FI'!, 

(forest  Products  Laboratory)  etcii  treatment,  although  the  ;ion- 
optimized  FPL  etch  treatment  t ASTM  D2651,  method  A)  was  used  for 
some  of  t  he  early  work.  The  optimized  FPL  etch,  treatment  (a 
sodium  di  chromate ,  suliunc  acid  solution)  is  being  adopted  by 
tiie  shelter  manufacturing  industry  as  the  standard  aluminum 
surface  treatment  for  adhesive  bonding.  Details  of  these  two 
surface  treatment  techniques  and  the  significant  difference 
between  the  two  are  presented  in  Appendix  I. 

Two  corrosion  inhibiting  primers  were  used  during  the  program: 
BR127  by  American  Cyanamid  and  X A 39 50  by  3M.  The  BR127  was  used 
throughout  the  program  while  the  XA3950  was  used  only  in  the  lap 
shear  portion.  In  addition,  some  specimens  were  prepared  without 
primer  during  each  part  of  the  investigation.  Appendix  IT  describes 
the  primer  application  procedures. 

Seven  vendor-supplied  adhesives  were  evaluated.  These,  to 
the  best  of  our  knowledge,  were  all  modified  epoxies.  Six  of  the 
adhesives  were  supplied  in  the  form  of  a  supported  film  while  one 
( LR1 00-172)  was  a  low  viscosity,  two-part  system  applied  as  a 
thin  unsupported  film  by  hand  after  mixing.  The  seven  adhesives 


-j 
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we  r  e  : 


(1) 

LR10Q-172 

itwo  part  paste) 

(2) 

R7114 

(  0 . 0  8 1  b/  f  t  ^  , 

0  .  39Kn/rr.  ) 

(  3} 

XA18  0 

(O.OGlb/ft2 , 

0 . 2  9Kg/n2 ) 

(4) 

LR1C0-252 

(0.09  lb/ ft2. 

0 . 4  4Kg  /m“ ) 

(5) 

MA- 429 

(0.061b/ ft2  , 

0 . 2  9Kg/m2) 

(0) 

R  38  2-7 

(0.081b/ ft2, 
(0.085  lb/'f  t2 

0  .  39Kg/m2) 

(7) 

EA  9601 NW 

,  0.4  2Kg/m,2) 

Hysol 

Reliable  (Ciba-Geigy) 
3M 

Hysol  (currently 
designated  EA-9652) 
McCann 

Reliable  (Ciba-Geigy) 
Hvsol 
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These  seven  adhesives  were  selected  because  they  were  either  in 
current  use  in  shelter  construction  or  because  they  had  been 
identified  as  likely  candidates  to  replace  those  which  were  being 
used.  Appendix  V  presents  Manufacturers’  data  provided  for  each  of 
these  adhesives. 

2.2  SPECIMEN  FABRICATION  PROCEDURES 

The  fabrication  of  the  specimens  used  for  data  generation  in 
this  piogram  consisted  of  a  sequence  of  five  distinct  processes: 

(1)  Adherend  surface  preparation, 

( 2 )  Priming  of  freshly  prepared  adherend  surface, 

(3)  Bonded  joint  panel  layup, 

(4)  Curing  of  adhesive  joint  panel,  and 

(5)  Machining  of  individual  specimens  from  cured  panel. 

Each  of  these  five  processes  is  described  in  detail  in  Appendices 

I  through  IV ,  respectively.  These  include  step-by-step  descriptions 
of  each  procedure,  as  well  as  the  quality  control  criteria  used  to 
accept/reject  a  part  or  finished  panel  at  each  stet  in  the  fabrica¬ 
tion  sequence. 

2.3  TEST  METHODS  AND  EXPERIMENTAL  DESIGN 

All  testing  conducted  during  this  investigation  was  performed 
in  accordance  with  standardized  procedures.  Thus,  the  lap  shear, 
peel,  and  stress-durability  tests  followed  ASTM  test  methods, 
while  the  crack-extension  tests  were  in  accordance  with  a  method 
developed  by  the  Boeing  Corporation. 

2.3.1  Lap  Shear  Testing 

Lap  shear  tests  were  conducted  in  accordance  with 
ASTM  method  D1002  on  specimens  from  both  the  standard  (fully 
machined  after  bonding)  and  the  preslotted  (finger)  types  of 
test  panel  (see  Figure  1 ) .  Specimens  were  used  only  if  the 
applied  primer  thickness  and  the  cured  glue?  line  thickness  fell 
within  specified  ijmits.  The  techniques  used  to  measure  these 
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thicknesse's  are  described  in  Appendices  II  and  ill,  respectively. 

The  specimens  primed  with  13R127  were  used  only  if  the  primer 
thickness  fell  within  the  0.0002-0.0004  inch  (0.005-0.010  mm) 
range.  The  specimens  primed  with  XA- 3950  were  used  only  if  the 
primer  thickness  fell  within  the  0.0001-0,0003  inch  (0.003-0.008  mm) 
range.  Both  of  these  primer  thickness  ranges  were  recommended 
by  the  respective  primer  manufacturers.  The  bonded  specimens 
were  used  only  if  tire  cured  glue  line  thickness  fell  in  the 
0.004-0.007  inch  (0.10-0.18  mm)  range.  This  glue  line  thickness 
range  was  established  by  a  consensus  of  shelter  manufacturers 
at  the  start  of  Lire  program. 

Figure  2  lists  the  materials,  processing,  and  test 
conditions  included  in  the  lap  shear  testing  portion  of  this 
program . 

With  tire  exception  of  two  adhesives,  the  test  matrix 
consisted  of  a  full  factorial  design  i ncorporat ing  five  replicate 
specimens  of  each  combination  of  adhesive,  specimen  type,  acl  he  rend 
alloy,  surface  preparation,  primer,  and  test  condition.  The  two 
excepted  adhesives  (LRlQO-252  and  MA-429)  were  not  tested  on 
finger  specimens  or  with  the  standard  FPL  etch  surface  prepara¬ 
tion.  A  full  factorial  design  would  have  involved  a  total  of 
1,680  lap  shear  specimens.  Table  1  indicates  the  actual  test 
matrix,  the  omitted  combinations  accounting  for  a  reduction  of 
240  j n  the  specimen  total. 

TABLE  1 

LAr  SHEAR  TEST  MATRIX 


Adhesive 

Specimen  Type 

Surface 

Preparation 

Machined 

Finger 

FPL 

Opt.  FPL 

LR100-172 

X 

X 

X 

X 

R7114 

X 

x 

X 

X 

XA18  0 

X 

X 

X 

X 

LRl 00-252 

X 

— NOT  TESTED  — 

V 

MA-429 

X 

— NOT  TESTED  — 

X 

R  3  8  2  -  7 

X 

yv 

X 

X 

EA9601 MW 

X 

V 

V 

y 

NOTES:  AH  indicated  combinations  were  prepared  using  all  three 

primer  conditions  (none,  BP.127,  and  XA-  5950),  and  two 
adherend  alloys  (  6061T6  and  5 0 5 2 1 i 3 4 )  ,  .md  tested  at  two 
test  conditions  [72°F  (22CC)  and  200°F  (33°C)  after  hot- 
homi. 1  ag  ing ]  . 
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7  Adhesives 


LR100-172 - Hy sol 

R7114 - Reliable 

XA180 - 3M 

LR100-252 - Hysol 

MA-429 - McCann 

R382-7 - Reliable 

EA9601NW - Hysol 

2  Adherend  Alloys 

6061T6  Bare 
5052H34  Bare 

2  Specimen  Types . 

Machined 

Preslotted  [Finger] 
(except  for  LR100-252 
and  MA-429) 


2  Surface  Preparations 

FPL  Etch  (except  for  LR100- 
252  and  MA-429) 

Optimized  FPL  Etch 

3  Primer  Conditions 
No  primer 

BR127 - American  Cyanamid 

XA  3950 - 3M 

2  Test  Conditions 
7  2  3F  ( 22°C ) 

200°F  (93°C)  after  two  weeks 
at  200°F  ( 93°C)  and  95-100 
percent  R .H . 

5  Replicates 


TOTAL  -  1,440  Specimens 


Figure  2.  Lap  Shear  Testing  Plan 


2.3.2 


KT 


Floating  Roller  Peel  Testing 


Floating  Roller  Peel  (frequently  referred  to  as 
"Bell"  peel)  tests  were  conducted  in  accordance  with  ASTM 
method  D3167  (see  Figure  3) .  Specimens  were  tested  only  if  the 
applied  primer  thickness  fell  within  the  manufacturers  recommended 
limits  [0.000  2-0.0004  .inches  (0.005-0.010  mm)  for  BR127].  Cured 
glue  line  thicknesses  were  not  measured  but  the  same  shimming 
process  was  used  in  the  manufacture  of  these  panels  as  was  used 
for  the  lap  shear  panels.  This  procedure  results  in  about 
95  percent  of  the  cured  bondlines  falling  within  the  desired 
thickness  range  of  0.004-0.007  inch  (0.10-0.18  mm)  (Append ix 
III).  Tests  were  conducted  at  both  72°F  (22£>C)  and  -65°F  (-54°C). 
Seven  adhesives,  three  adherend  alloys,  one  surface  preparation, 
and  one  primer  were  involved  in  the  peel  testing  for  a  total 
of  21  combinations .  Additionally,  one  of  the  adhesives  was 
used  without  a  primer,  adding  three  more  combinations  for  a 
total  of  24.  Four  specimens  of  each  combination  were  tested  at 
each  of  the  two  test  temperatures.  Figure  4  lists  the  materials, 
processing,  and  test  conditions  included  in  the  peel  testing 
portion  of  this  program. 


2.3.3  Stress-Durability  Testing 

Stress-durability  tests  were  conducted  in  accordance 
with  ASTM  method  D2919  (see  Figure  5) .  The  same  accept/reject 
criteria  regarding  primer  and  glue  line  thickness  were  followed 
with  these  specimens  as  with  the  lap  shear  specimens  mentioned 
in  Paragraph  2.3.1. 


Stress-durability  tests  consisted  of  mounting  the 
specimen  in  the  fixture  illustrated  in  Figure  5,  imposing  a 
predetermined  shear  stress  upon  the  specimen,  and  placing  the 
specimen-fixture  assembly  in  an  elevated  temperature,  high 
humidity  aging  environment  until  the  specimen  failed  as  the 
exposure  period  reached  a  preselected  limit  (1000  hours  in  this 
program) .  In  the  event  that  the  exposure  period  reached  the 
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Fiyure 


l  27  CM 
(030IN) 


NOTE'  A  1-5  TO  3.0  IN  (38  1  TO  74.1  MM)  SHIM  CAN  BE  USED  TO  FACILITATE 
THE  START  OF  PEEL 


(a)  TEST  PANEL  AND  TEST  SPECIMENS 


(1/0  INI  095-096  CM 

-  o  3i6  CM  Aluminum  -*»•;  r~  (0  38-0  39  in  ) 
'  !  OR  STAINLESS  steel  '  IN  DIAMETER 


/SC> 


3/8  IN 
3/8  IN 


WIDTH 
(0  50  IN.) 


r- 

(b)  ROLLER  DRUM  PEEL  TEST  FIXT  URE 


BEARINGS 

DOUBLE  ROLL  EXTRA 
PRECISION 

SYNTHETIC  SEAL  BALL 
BEARING  WITH  EXTENDED 
INNER  RACE 


RIGID  ADHERENO 
(0.064  IN.) 


flexible  ADHERENO 
(0  025  IN.) 


3.  Floating  Roller  ("Bell'1)  Peel  Specimen  and  Fixture 

(from  ASTM  P3167) . 
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7  Adhesives 


1  Surface  Preparation 


LR 100-172 

R7114 

XA-180 

LR100-252 

MA-429 

R382-7 

EA9601NW 


3  Adherend  Alloys 


Optimized  FPL  etch 

1  Primer  Condition 

BR127  (except  for  LR100-172) 

2  Test  Conditions 

7  2°F  ( 22°C) 

-65°F  ( -54  °C) 


2024T3  Bare 
6061T6  Bare 
5052H34  Bare 


4  Replicates 


TOTAL  -  192  Specimens 


Figure  4 . 


Peel  Testing  Plan. 


1000  hr.  limit  without  specimen  failure,  the  fixture  was  removed 
from  the  environmental  cabinet,  and  the  specimen  unloaded  and 
removed  from  the  fixture  and  tested  for  residual  strength.  This 
test  was  aimed  at  providing  additional  data  on  the  effect  of 
environment  upon  adhesives.  While  not  necessarily  providing 
real-life  design  type  data,  it  did  provide  a  comparative  ranking 
of  adhesive  resistance  to  environmental  degradation. 

Standard  lap  shear  tests  were  conducted  at  72°F 
( 2 2 °C)  and  140°F  (60°C)  on  dry  unaged  specimens  to  provide  base¬ 
line  data.  Stress-durability  tests  were  conducted  in  a  140ftF 
( 60°C)  and  95-100  percent  R.H.  environment  at  two  stress  levels: 

(1)  40  percent  of  140°F  (60°C)  dry  ultimate  strength,  and  (2)  60 

percent  of  the  140°F  (60°C)  dry  ultimate  strength.  Times  to 
failure  were  recorded  and  any  specimens  which  had  not  failed 
within  i,0vu  nours  were  removed  and  tested  for  residual  strength 
at  1 4 0 0 F  (60°C)  .  Seven  adhesives,  two  adherend  alloys,  one 
iurface  preparation,  and  one  primer  were  used  for  these  tests; 
a  total  of  14  combinations.  Additionally,  as  before,  one  of  the 
adhesives  was  used  without  primer,  bringing  the  total  number 
of  combinations  of  16.  Three  specimens  of  each  combination  were 
tested  at  the  two  baseline  conditions  and  five  specimens  of  each 
combination  were  tested  for  durability  at  the  two  stress  levels. 
Figure  6  lists  the  materials,  processing,  and  test  conditions 
included  in  the  stress-durability  testing  portion  of  this  program. 

2.3.4  Thick  Adherend  DCB  Crack  Extension  Testing 

Crack  extension  tests  were  conducted  with  the 
thick  adherend  DCB  specimen,  and  in  accordance  with  the  pro¬ 
cedures  described  in  AFML-TR-76-3.73  .  This  specimen  is  illustrated 
in  Figure  7.  Specimens  were  used  only  if  the  applied  primer 
thickness  fell  in  the  0.0002-0.0004  inch  (0.005-0.010  mm)  range. 

As  with  the  peel  specimens  the  glue  line  thicknesses  were  con¬ 
trolled  during  fabrication  but  not  measured.  The  objective  of  this 
oor Lion  of  the  procr.ar  was  to  examine  the  effects  of  su-face 
preparation  variables  upon  the  bond  between  the  metal  oxide  and 
the  surface  primer.  Only  one  adhesive  (FM73)  was  used.  This 
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7  Adhesives 


LR100-172 

R7114 

XA180 

LR100-252 

MA-429 

R382-7 

EA9601NW 

2  Adherend  Alloys 

6061T6  Bare 
5052H34  Bare 

TOTAL  - 


Figure  6 . 


I  Surf ace  P reparation 
Optimized  FPL  etch 

1  Primer  Condition 

BR127  (except  for  LRiOO-172) 

2  Test  conditions 

40%  stress  level 
60%  stress  level 

5  Replicates 


Stress-durability  -  160  specimens 

Baseline  statics  -  96  specimens 

(3  replicates) 


Stress-Durability  Testing  Plan. 
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adhesive  had  been  shown  in  the  Primary  Adhesive  Bonded  Structures 
Technology  (PABST)  program  to  be  highly  resistant  to  elevated 
temperature,  high  humidity  degradation,  and  was  selected  to 
maximize  the  probability  of  failure  along  the  oxide/primer 
interface.  Only  one  primer  ^BR127)  was  used.  One  exception 
to  this  work  plan  was  the  use  of  a  second  adhesive  (LR100-172) 
without  primer  in  a  few  tests.  The  tests  were  conducted  in  a 
140°F  (60°C),  95-100  percent  R.H.  environment  and  crack  lengths 
were  measured  as  a  function  of  time.  The  crack  propagation  locus 
was  also  recorded  (i.e.:  interfacial  or  within  the  adhesive 
layer).  Figure  8  lists  the  materials,  processing,  and  test 
conditions  included  in  the  crack-extension  portion  of  this 
program. 


Adhesive : Primer 

FM73: BR127 

Adherend 

Alloy 

OFPL  Sweetening 
Alloy 

Rinse 

Water 

2024T3 

2024 

Tap 

FM7  3 : BR127 

2024T3 

2024 

Deionized 

FM7  3 : BR127 

5052H34 

2024 

Tap 

FM73: BR127 

5052H34 

5052 

Tap 

FM7  3 : BRl 27 

6061T6 

2024 

Tap 

»  FM7  3 : BR127 

6061T6 

6061 

Deionized 

•  FM7  3 : BR127 

0 OulTb 

6061 

Tap 

•  LR1 00-172 : None 

5052H34 

2024 

Tap 

•  LR100-172 :None 

6061T6 

2024 

Tap 

1  Test  Condition 

140 °F  (60°C)  and  95-100%  R.H. 


5  Replicates 


TOTAL  -  45  Specimens 


Figure  8.  Crack-Extension  Testing  Plan- 
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SECTION  3 

DISCUSSION  or  RESULTS 


The  interpretation  and  assessment,  ui  the  results  obtained 
in  tins  investigation  are  based  upon  the  measured  strengths, 
tnnes-to-f ailure ,  and  strain  energy  release  rates  measured  in 
tite  various  tests  as  well  as  the  observed  iailurc  modes  in  the 
bonded  joint  interfacial  areas. 

Traditionally,  bonded  joint  failures  have  been  reported 
as  adhesive,  cohesive,  or  some  combination  of  the  two.  In 
this  context,  adhesive  failure  referred  to  a  failure  locus 
along  the  interface  between  the  substrate  and  the  adhesive 
layer,  while  cohesive  failure  referred  to  a  failure  locus 
completely  within  the  adhesive  layer.  It  was  felt  that  with 
the  inclusion  of  a  primer  layer  in  the  bond,  along  with  but 
distinct  from  the  adhesive  layer,  the  traditional  means  of 
reporting  failure  mode  was  inadequate.  Accordingly,  a 
different  formal  for  reporting  failure  mode  was  adopted 
during  this  investigation.  This  format  is  illustrated  and 
explained  in  F igure  9 ■  The  interpretation  of  bonded  joint 
failure  modes  is  very  subjective.  It  is  difficult,  with  the 
naked  eye,  to  ascertain  the  exact  failure  mode  unless  it  is 
totally  cohesive  (within  the  adhesive  layer).  Interfacial 
failure  modes  may  appear  obvious  but  one  cannot  be  sure,  short 
of  resorting  to  expensive  surface  instrumental  analysis,  that 
a  very  thin  layer  of  primer  or  adhesive  has  not  remained  adhered 
to  an  otherwise  clean  appearing  surface.  Since  the  primer  layer 
is  so  thin,  the  only  evidence  of  its  presence,  to  the  eye,  is 
generally  color.  In  this  investigation  the  only  eiseriminations 
made  regarding  failure  mode  were  those  detectable  by  eye.  Tnus , 
it.  is  to  be  recognized  that  regardless  cl  the  different  presen¬ 
tation  format,  the  failure  modes  reported  m  this  document  are 
still  subjective. 

3.1  LAP  SHEAR  TEST  RESULTS 

The  data  obtained  from,  the  testing  -f  the  lap  shear  specimens 
are  summarized  in  Tallies  2  through  9.  The  values  presented  in 
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For  Bonds  Made  With  No  Primer 


A  A 


cohesive 

adhesive 
and  the 


failure  within  the  adhesive  layer 

(interfacial)  failure  between  the 
substrate  oxide  (i) 


(%) 

adhesive 


For  Bonds  Made  With  a  Primer  on  the  Substrate  Surface 


A 


cohesive 


adhesive 

adhesive 


cohesive 

adhesive 
and  the 


failure  within  the  adhesive  layer  (%) 

( interfacial )  failure  between  the 
and  the  primer  (%) 

failure  within  the  primer  layer  {%) 

(interfacial)  failure  between  the  primer 
substrate  oxide  (£>) 


Example:  5-0-30-65  indicates  that,  according  to  the  observer's 

estimate,  the  failed  joint  exhibits  the  following 
failure  mode. 

The  primer  pulled  cleanly  off  the  metallic  oxide 
on  5T  of  the  bond  area. 

At  no  point,  along  the  bondline  did  the  failure 
locus  run  cohesively  within  the  primer  layer. 

Tito  adhesive  tlobonded  cleanly  from  the  primer  on 
301  of  the  bond  area. 

The  failure  locus  ran  cohesively  within  trie 
adhesive  l.ivcr  or.  65:  of  Lire  bond  are 
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TABLE  6 

EST  RESULTS  ON  6061T6 


ON  5032H34 


these  tables  represent  averages  of  five  replicate  specimens. 

A  comprehensive  listing  of  all  of  the  individual  specimen-by¬ 
specimen  lap  shear  test  data  is  presented  in  Appendix  VI. 

In  general,  three  adhesives  (LR100-172,  XA-180 ,  and  LR100- 
252)  withstood  moisture  attack  very  well,  exhibiting  residual 
strengths  after  exposure  of  greater  than  1000  psi  (6.89  MPa) 
in  every  case . 

Two  other  adhesives  (R382-7  and  MA429)  withstood  moisture 
attack  well  but  did  exhibit  a  few  residual  strength  values  less 
than  1000  psi  (6.89  MPa).  The  residual  strength  after  aging  of 
the  R382-7  system  fell  below  1000  psi  (6.89  MPa)  in  five  out 
of  24  cases.  Two  of  these  were  on  unprimed  FPL  etched  surfaces 
and  exhioited  interfacial  failure.  A  third  was  on  an  unprimod 
OFPL-etched  surface  and  exhibited  considerable  interfacial  failure. 
The  other  two  were  on  BRl27-primed  surfaces  and  very  narrowly 
missed  the  1000  psi  (6.89  MPa)  level.  The  residual  strength 
after  aging  of  the  MA429  system  fell  below  1000  psi  (6.89  MPa) 
in  two  out  of  six  cases.  One  of  these  was  on  an  unprimed  surface 
and  exhibited  interfacial  failure.  The  other  very  narrowly 
missed  the  1000  psi  (6.89  MPa)  level. 

Another  adhesive  (EA9601NW)  exhibited  marginal  moisture 
resistance.  In  14  of  the  24  cases,  the  residual  strength  after 
aging  of  this  adhesive  fell  below  1000  psi  (6.89  MPa)  .  Twelve 
of  these  14  cases,  however,  exhibited  interfacial  failure  between 
either  the  adhesive  and  the  primer  layer  or  between  the  adhesive 
and  the  unprimed  adherend.  The  other  two  were  cohesive  failures 
within  the  adhesive  layer.  This  indicates  that  with  the  EA9601NW 
adhesive  system,  the  interfacial  bond  degrades  more  rapidly  than 
the  adhesive  itself  during  hot  humid  environmental  aging. 

The  last  adhesive  (R7114)  was  very  susceptible  to  moisture 
degradation.  Tn  23  out  of  24  cases,  the  residual  strength  of 
this  system  after  aging  fell  below  1000  psi  (6.89  MPa)  and  the 
one  exception  reached  cnly  1100  psi  (7.58  MPa) .  Most  of  these 
failures  are  within  the  adhesive  layer  (cohesive  failure) . 
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The  optimized  FPL  etch  produces  consistently  higher 
strength  levels  than  the  standard  FPL  etch  on  the  machined  lap 
shear  specimens.  On.  the  preslotted  type  specimens,  however, 
some  adhesive/primer  combinations  exhibited  higher  strengths 
on  the  FPL  etched  surface  than  on  the  OFPL  etched  surface. 

In  general,  specimens  made  with  the  6061T6  alloy  exhibit 
higher  joint  strengths  than  those  made  with  the  5052H34  alloy. 
Since  the  6061T6  has  a  higher  yield  stress  than  the  5052H34, 
the  bending  at  the  end  of  the  lap  area  is  postponed  until  a 
higher  load  is  reached  during  a  lap  shear  test.  This,  in  turn, 
postpones  the  introduction  of  peel  stresses  into  the  joint  and 
leads  to  the  higher  joint  strengths. 

Although  moisture  degradation  appears  to  be  slightly  more 
severe  on  the  preslot.ted  finger  specimens  than  on  the  machined 
specimens,  the  differences  between  the  two  is  not  substantial. 

In  general,  the  specimens  with  primed  surfaces  resist 
degradation  better  than  those  with  unprimed  surfaces.  In  some 
cases,  however,  the  reverse  is  true  but  the  overall  difference 
is  not  substantial.  There  seems  to  be  little  difference  in 
the  residual  property  results  shown  by  either  the  BR127  or 
XA3950  primers. 

3.2  PEEL  TEST  RESULTS 

The  data  obtained  from  the  testing  of  the  peel  specimens 
are  presented  in  Table  10 .  Probably  the  most  obvious  feature 
of  this  data  is  the  fact  that  the  bond  formed  between  the  BR127 
primer  and  the  LR100-172  adhesive  has  very  little  resistance  to 
peeling  stresses!  All  of  the  specimens  primed  with  BR127  and 
bonded  with  LR100-172  failed  along  the  primer/adhesive  interface 
at  low  loads. 

The  peel  properties  of  the  unprimed  specimens  bonded  with 
LR100-172  were  significantly  higher  than  those  of  the  primed 
specimens.  Failures  were  predominantly  along  the  metal/adhesive 


29 


TABLE  10 

FLOATING  ROLLER  PEEL  TEST  RESULTS 


Feel  Strong tii  (lb/inch  width) 
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_ Alloy 

2024T3 

2024T3 
2024T3 
2024T3 
2024T3 
2024T3 
2'J  24T3 
2024T3 


Prune  r 
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BR127 
BR127 
3R127 
|  13  H 1 2  7 
|  BRl  2  7 
I  BR127 


Adj’.uSlVt*  j 

LR100-172 

LR100-172 
R713.4 
XAl  BO 
100-252 
MA-4  20 
R  32  2  -  7 
RAO 601  NW 


Strong  cl 
23.5 


72  °F _ 

1,1  l-'ail.  Mode 


■  I  l 
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S  tls-nu  di  j  Fdi  1  ,  Mol 


0-0-100-0  I 
0-0-0-100  j 
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0-0-60-40  | 

0-0-0- 100  | 
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606  116  j  SK127  ■  LR100-1'2 

606 1T6  j  BR127  1  R711^ 

6061T6  I  BR127  !  XAl 80 

6061T6  '  BR127  i  100-252 

606  iTO  BRo.i  ■'  MA-4  2’1 
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,'0-172  1  11.6  j  100-0  |  14.4 


■  LRiOO-i / 2 J 
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!  XA 1 80  ; 

i  100-252  i 
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42.4  60-0-40-0  i  26.3  oO-O-LW 

2u .  8  1  00-C-0-e  ,  1  *'0 

60- 0-4'. •  -o  "  •  •'  J  1  - 

10-0-7O-2. ■>  i  6.7  0-0-20-1. 


52.0  !  0-0-0-100  | 


ov-'J-o-*- 


50  5  2ii  34 

BO  S  2  i  i  34 
503  2ii  34 
606  i il  34 
30  j  2ii  34 


LKlOO ~ a  * . 


BRl  27 

BR100-1 

B  R 1 2  7 

K7114 

BRl  2  7 
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j 
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interface  on  the  unpriced  LR100-172  specimens  but  at  relatively 
high  loads  compared  to  the  primed  specimens,  which  failed  along 
the  adhesive/primer  interface. 

The  lap  shear  test  results,  discussed  previously,  and  tne 
lap  shear  stress-durability  test  results,  discussed  later,  failed 
to  provide  any  indication,  of  the  BR127/LR10O-172  adhesive /primer 
incompatibility  manifested  by  the  peel  test  results  in  Table  10 . 

In  general,  the  EA9601NW  and  the  XA180  adhesives  gave  the 
best  peel  strength  levels  at  -65°F  (-54°C) .  Tnese  were  followed 
by  the-  unprimed  LK100-172  system,  then  R7I14  and  LR100-252. 

Next  in  rank  aiv  the  R382-7  and  MA- 4  29  systems  and  the  lowest 
was  the  primed  LRlOO-172  system. 

Generally,  the  failure  locus  becomes  more  interfacial  in 
nature  as  the  test  temperature  changes  from  72°F  (22°C)  to  -65°F 
(~54°C) .  Thus,  the  primer  layer,  and  its  associated  interfaces, 
appears  to  have  been  the  portion  of  the  bond  most  susceptible  to 
low  temperature  peeling  stresses.  after  the  tests  were  completed, 
concern  was  expressed  that  the  primer  thickness  should  have  been 
reduced.  Since  we  were,  however,  interested  in  joints  representa¬ 
tive  of  those  present  in  shelter  structures,  and  not  those  ideal 
for  best  peel  properties,  our  specimens  were  prepared  with  the 
same  primer  layer  thickness  as  used  for  the  lap  shear  joints. 

In  addition  to  the  strength  levels  exhibited  by  each  adhesive 
system,  a  consideration  of  the  failure  mode  and  relative  amount 
of  strength  decrease  from  room  temperature  to  -65°F  (-54 °C)  is 
also  useful.  Hence,  a  brief,  general,  adhesive-by-adhesive 
description  cf  the  results  follows. 

The  EA9601NW  loses  about  one -third  of  its  room  temperature 
peel  strength  at  -65°F  (-54°C/ .  At  room  temperature,  it  fails 
predominantly  within  the  adhesive  layer  (cohesive) ,  while  at 
the  reduced  temperature,  the  failure  mode  becomes  more  primer 
and  more  interfacially  oriented  with  a  mixture  of  all  four  of 
the  modes  explained  in  Figure  9  evident.. 

The  XA 180  adhesive  system  loses  about  one- third  of  its 
room  temperature  peel  strength  at  -0>5°F  (-54°C)  also.  This 
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system  exhibits  relatively  little  failure  within  the  adhesive 
layer  at  either  test  temperature.  Rather,  the  failure  locus 
is  principally  along  the  adhe rend/prime r  interface  and  to  a 
lesser  extent  along  the  primer/adhesive  interface,  with  a  small 
amount  appearing  to  be  within  the  primer  layer  itself. 

The  R7114  adhesive  loses  about  one-half  of  its  room 
temperature  strength  at  -656F  (~54°C)  .  While  its  failure  mode 
is  primarily  cohesive  (within  the  adhesive  layer)  at  both  test 
temperatures,  a  substantial  amount  of  primer/adhesive  interfacial 
failure  appears  at  the  lower  temperature. 

The  unprimed  LR100-172  adhesive  loses  very  little  of  its 
room  temperature  peel  strength  at  - 6 5 ° F  (-54 °C)  -  At  both  test 
temperatures,  however,  the  failure  mode  is  predominantly  inter¬ 
facial  along  the  adhe rend/adhesive  interface. 


s 
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•The  LR100-252  adhesive  loses  between  one-half  and  three- 
quarters  of  its  room  temperature  peel  strength  at  -65°F  (-54°C). 
Its  failure  mode  at  room  temperature  exhibits  substantial  amounts 
of  adherend/primer  and  primer/adhesive  xnterfacial  failure  as 
well  as  cohesive  failure  within  the  adhesive  layer  itself.  At 
-6  5  °F  (-54  °c)  tne  failure  shifts  entirely  to  the  adherend/priiner 
interface  and  to  the  primer  layer. 

Both  the  R382-7  and  MA-429  adhesives  exhibited  failure  loci 
in  peel  which  were  predominantly  along  the  primer/adhesive  inter¬ 
face  at  both  test  temperatures.  Both  adhesives  also  exhibited 
peel  strength  reductions  of  over  50  percent  when  tested  at 
-65  °F  ( -54  °C)  . 

Comparing  these  peel  results  with  the  lap  shear  results 
discussed  in  Paragraph  3.1,  one  notes  that  only  the  XA180 
adhesive  ranked  high  in  both  peel  and  lap  shear. 


3.  3 


STRESS-DURABILITY  TEST  RESULTS 


tests 


The 
a  re 


data  obtained  from  the 
s umma r i ze d  i n  Table  11 


lap-shear  stress-durability 
and  illustrated  in  Figures  10 
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and  11.  The  values  presented  m  this  table  represent  averages 
of  at  least  five  replicate  specimens. 

In  addition  to  the  hours- to- failure  exhibited  by  each  ad¬ 
hesive,  the  stress  level  to  which  tno  specimens  were  subjected 
during  exposure  are  noted.  Since  each  adhesive  system  exhibits  its 
own  characteristic  strength  and  since  the  exposure  stress  levels 
were  set  at  a  percentage  of  the  adhesives  lap  shear  strength  at 
140°F  (60°C)  ,  one  must  consider  the  stress  during  exposure  as 
well  as  the  time- to- failure  and  failure  mode  in  assessing 
relative  stress-aurability  of  the  various  adhesives. 

The  lap  shear  control  strength  values,  upon  which  the 
exposure  stress  levels  are  based,  are  presented  in  Appendix  VIII 
along  with  the  individual  s tress- durability  results.  The  140  °F 
(60°C)  lap  shear  control  strength  values  were  used  to  compute 
the  40  percent  and  60  percent  stress  levels  for  use  during  the 
durability  exposures.  The  room  temperature  values  were  measured 
primarily  to  provide  a  means  of  checking  the  quality  of  the 
panels  from  which  these  specimens  were  obtained  against  the 
room  temperature  lap  shear  results  for  the  same  combinations  of 
adnerend,  surface  preparation,  primer,  and  adhesive  tested  during 
the  lap  shear  portion  of  the  program  and  discussed  in  Paragraph 
3.1.  In  14  of  the  16  cases,  the  room  temperature  strength  values 
obtained  from  the  stress-durability  panels  are  within  10  percent 
of  the  value  obtained  previously  in  the  lap  shear  testing.  The 
two  exceptions  both  occur  on  5052H34  adherends  with  one  (XA180) 
being  17  percent  lower  than  the  original  lap  shear  result  and 
the  other  (R382-7)  being  42  percent  higher.  There  are  more 
frequent  differences  in  the  apparent  failure  mode  with  11  of 
the  16  cases  exhibiting  substantial  differences  in  failure  mode 
from  the  original  results.  For  the  most  part,  these  differences 
in  failure  mode  consist  of  more  failure  along  the  metal/primer 
interface  in  the  control  specimens  for  the  durability  tests  than 
in  the  original  lap  shear  results. 
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The  single  most  obvious  feature  of  the  data  plotted  in 
Figures  10  and  11  is  the  reversed  slope  of  the  curves  for  LR100- 
252  and  EA9601NW  on  5052H34  adherends.  No  explanation  for  this 
can  be  offered  unless  the  times-to-failure  and  stress  levels  were 
inadvertently  interchanged  for  these  two  combinations.  These 
tests  were  rerun  however,  using  extra  specimens  left  over  from  the 
original  LR100-252  and  EA9601NW  panels.  The  data  from  these  tests 
are  presented  in  Table  12  and  .Figure  12.  and  are  consistent  with 
the  trend  one  would  expect. 


It  will  be  noted  in  Figure  10  that  the  6061T6  stress 
durability  curves  seem  to  fall  into  three  general  groupings. 

One,  representing  those  adhesives  with  the  best  stress- 
durability  behavior  includes  LR100-172  (with  primer) ,  LR100-252, 
MA4  29,  and  EA9601NW.  The  second,  representing  those  adhesives 
with  intermediate  stress  durability  behavior,  includes  XA180, 
R7114,  and  R382-7 .  The  third  includes  only  the  LR100-172 
adhesive  used  on  an  unprimed  surface  and  represents  a  very 
short  t  ime-to- fai  lure  . 


Assuming  that  tire  second  set  of  tests  with  the  LR100-252 
and  EA96  01NW  adhesives  on  5052H34  adherends  (Tabl.S — 12)  is  more 
indicative  of  their  stress-durability  behavior  than  the  first 
set  (Table  11) ,  the  stress  durability  curves  for  5052H34  adherends 
(Figure  11)  also  fail  into  three  general  groupings.  The  first, 
representing  those  adhesives  with  the  best  stress  Durability 
behavior  includes  MA429,  LR100-252,  and  EA9601NW.  The  second 
grouping,  representing  those  adhesives  with  intermediate  stress- 
durability  includes  LR100-172  (both  with  and  without  primer), 
XA180,  and  R382-7.  The  third  group  for  the  5052  adherends  is 
composed  only  of  R7114  and  represents  a  very  short  time-to-failure 


Figure  13  superimposes  the  6061  and  5052  data  groupings  on 
a  single  graph  for  greater  ease  in  visualizing  the  relative  adhe- 
sive/adherend  stress-durability  behavior.  It  can  be  seen  here 
that  the  general  location  of  the  high,  intermediate,  and  low  data 
groupings  coincide  fairly  well  for  both  adherend  alloys. 

in  summary,  three  adhesives  (LR100-252,  MA429,  and  EA9601NW) 
exhibited  consistently  higher  stress  durability  than  the  others 
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TABLE  12 

TRESS -DURABILITY  TEST  RESULTS  FOR  EXTRA  RETESTED  SPECIMENS 


CS0 


SHEAR  STRESS  DURING  EXPOSURE  (PSD, 


GROUP 

1 

2 

3 


ADHEREND 

ALLOY 

6061 T6 

6061 T6 

5052H34 


ADHESIVES 
A1.A4.A5,  A7 
A2.A3.A6 
Al'.Al.  A3.A6 


-  3052H34  ADHEREND  ALLOY 

-  6061T6  ADHEREND  ALLOY 


10  100  1000 
TIME  TO  FAILURE  (HRS) 


A 1* 

LR 100-172  NO  PRIMER 

A4 

LR 1 00-232  BR 127 

A1 

LR100-172  BR127 

A3 

MA-429  BR127 

A2 

R7114/BR127 

A6 

R382-7  BR127 

A3 

XA180.BR  127 

A7 

EA9601NW  BR127 

Figure  13.  Stress-Durability  Behavior  Summary. 


tested  in  this  program.  One  adhesive  (LR100-172  with  primer) 
performed  well  on  the  606 ITS  alloy  but  only  moderately  well 
on  the  5052H34  alloy.  Two  adhesives  (XA180  and  R382-7)  fell 
into  the  intermediate  time- to- failure  regions  on  both  adherend 
alloys.  The  last  two  adhesives  (R7114  and  LR100-172  without 
primer)  fell  into  the  low  to  intermediate  groupings  on  each 
adherend  alloy. 

There  does  not  seem  to  be  a  consistent  relationship 
between  failure  mode  and  stress  durability.  The  three  better 
adhesives  in  this  type  test  exhibit  markedly  different  com¬ 
binations  of  failure.  The  MA429  exhibited  considerable  adhesive- 
to-primer  failure,  the  EA9601NW  considerable  failure  within  the 
adhesive  layer,  and  the  LR100-252  considerable  primer- to-metal 
failure  as  well  as  failure  within  the  adhesive  layer.  The  two 
lower  durability  adhesives  displayed  dramatically  different 
failure  modes  with  one  being  exclusively  interfacial  between  the 
adhesive  and  the  unprimed  metal  while  the  other  was  predominantely 
within  the  adhesive  layer. 

3.4  CRACK  EXTENSION  TEST  RESULTS 

The  data  obtained  from  the  testing  of  the  double  cantilever 
beam  ( DCB)  crack  extension  specimens  are  summarized  in  Table  13 
and  presented  graphically  in  Figures  14  to  16 . 

One  of  the  differences  between  the  standard  and  optimized 
FPL  etching  solutions  is  that  the  optimized  solution  is  "sweetened" 
by  dissolving  2024  aluminum  in  the  acid  solution  before  it  is  used 
for  panel  etching  (see  Appendix  I) .  This  "sweetening"  has  been 
found  to  provide  significantly  improved  bonding.  One  question 
which  arose  in  the  course  of  this  investigation  was  whether  the 
"sweetening”  of  the  initial  etch  solution  should  be  accomplished 
by  dissolving  2024  aluminum  alloy  (as  the  normal  optimized  FPL 
process  calls  for)  in  the  etch  solution  regardless  of  the  type 
of  alloy  to  be  treated,  or  whether  the  solution  should  be 
"sweetened"  with  the  same  alloy  as  that  which  is  to  be  etched. 

Three  different  alloy  "sweeteners"  were  consequently  utilized 
in  this  portion  of  the  program. 
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DCB  CRACK  EXTENSION  RESULTS 
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After  etching,  the  adherends  are  rinsed  before  drying.  This 
rinse  can  be  accomplished  with  either  tap  wafer  or  deionized  water. 
Some  question  existed  as  to  whether  deionized  water  rinsing  leads 
to  significant  bond  improvement  considering  its  considerably 
higher  cost.  This  was  also  examined. 

The  principle  conclusion  of  the  results  presented  in  Table  13 
and  Figures  14-16  is  that  regardless  of  the  aluminum  alloy  being 
etched,  the  etch  bath  should  be  sweetened  with  2024  alloy  for 
highest  bond  durability.  The  reason  for  this  is  generally  felt 
to  be  the  presence  of  copper  rn  the  2024  alloy.  In  fact,  some 
investigators  believe  that  sweetening  the  bath  with  copper  alone 
is  sufficient.  Examination  of  the  failure  modes  for  these  tests 
corroborate  the  differences  in  interfacia]  bond  quality  obtained 
when  tile  etch  bath  is  sweetened  with  2024  rather  than  a  non- 
copper  containing  alloy.  The  baths  sweetened  with  the 
copper  containing  2024  alloy  produced  bonds  which  failed  pre¬ 
dominantly  in  the  adhesive  layer,  while  those  sweetened  with 
the  non-copper  alloys  produced  bonds  which  failed  predominantly 
at  the  adherend-primer  interface. 

The  use  of  a  deionized  rinse  rather  than  a  tap  water  rinse 
appears  to  be  marginally  worthwhile.  On  a  2024  alloy  adherent! 
etched  with  a  2024  sweetened  bath,  a  deionized  rinse  produced  a 
more  durable  bond,  the  difference  becoming  relatively  greater  as 
the  aging  time  increased.  Further,  the  tap  water  rinse  resulted 
in  substantially  more  failure  along  the  metal-primer  interface 
than  the  deionized  water  rinse.  On  a  6061  alloy  adherend 
etched  with  a  6061  sweetened  bath,  however,  the  deionized 
rinse  produced  a  less  durable  bond.  Since  these  latter  two 
bonds  were  both  poor  due  to  the  use  of  a  non-copper  containing 
sweetener,  the  relative  effects  of  the  two  rinse  methods  may 
have  been  obscured  by  the  poor  bonds. 

The  last  observation  available  from  these  results  is  that 
the  LR100-172  adhesive  without  primer  is  very  inferior  to  the 
FM73/BR127  combination  insofar  as  its  initial  (up  to  504  hours 
and  more)  ability  to  withstand  crack  extension  is  concerned. 
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The  LR100-172  adhesive  bond,  however,  degraded  less  during 
exposure  than  the  FM73/BR127  system.  It  is  conceivable  that 
had  the  exposures  been  extended  to  a  long  enough  time  (60-100 
days  if  the  data  in  Figure  16  is  extrapolated)  the  LR1Q0-172 
may  have  proven  che  more  durable.  The  fact  that  these  LR100-172 
bonded  joints  failed  predominantly  within  the  adhesive  layer 
rather  than  at  the  adherend-adhesive  interface  indicates  that 
this  adhesive  forms  a  bond  directly  to  the  bare  etched  metal 
which  does  not  require  a  primer  layer  to  impart  environmental 
durability  when  loaded  in  a  cleavage  mode  at  140°F  (60°C) . 


SECTION  4 

SUMMARY  AND  CONCLUSIONS 

It  was  stated  in  the  introduction  that  the  primary  objec¬ 
tive  was  to  identify  adhesives  which  have  the  capability  of 
retaining  a  substantial  portion  of  their  structural  integrity 
after  prolonged  exposure  to  the  combined  effects  of  elevated 
temperature  and  high  humidity.  This  judgenent  must  be  based 
upon  the  overall  performance  of  the  adhesive  in  a  variety  of 
loading  modes  and  environmental  conditions  as  well  as  upon 
the  anticipated  requirements  of  the  particular  application. 

Hence,  it  is  felt  that  comparing  the  relative  performance 
of  the  adhesives  tested  in  this  program  in  the  various  different 
loading  modes  and  environmental  conditions  is  an  appropriate 
way  to  conclude.  This  comparison  is  presented  in  Table  14  as 
a  subjective  rating  of  each  adhesive  in  lap  shear,  peel,  and 
stress  durability. 

It  can  be  observed  in  Table  14  that  no  single  adhesive 
ranks  high  in  all  categories.  Hence,  the  use  of  only  one  or 
two  types  of  tests  for  evaluating  adhesives  for  shelter  applica¬ 
tions  is  inadequate  since  some  adhesives  can  display  good 
property  levels  in  one  type  test  and  poor  property  levels  in 
another.  Indeed,  the  adhesives  can  be  formulated  to  exhibit 
superior  characteristics  under  one  or  two  stress  conditions 
and  environments. 

A  secondary  objective  was  to  evaluate  the  effect  of 
selected  surface  preparation  variables  upon  the  interfacial 
durability  of  bonded  joints.  Two  variables  were  evaluated: 
the  type  of  aluminum  alloy  dissolved  in  the  FPL  etch  solution 
to  "sweeten"  it,  and  the  type  of  water  used  to  rinse  the 
panels  after  etching.  The  most  significant  result  of  these 
tests  was  that  regardless  of  the  aluminum  alloy  being  etched, 
the  FPL  etch  bath  should  be  sweetened  with  2024  alloy,  presumably 
because  of  its  copper  content.  Unless  this  dissolved  copper 
is  present  in  the  etch  solution,  bonding  surfaces  resistant 
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TABLE  14 

SUMMARY  RANKING  OF  ADHESIVES 


Relative  Ranking  in  Comparison 
to  Other  Adhesives  Tested 

Adhesive 

Aged 

Lap  Shear 

Low  Temp. 
Peel 

Stress 

Durability 

LR100-252 

high 

in  termediate 

high 

XA180 

high 

high 

intermediate 

MA  4  29 

high- to- 
intermediate 

low- to- 
in  termediate 

high 

EA9601NW 

low-to- 

intermediate 

high 

high 

LR100-1721 

high 

high- to- 
intermediate 

lew- to- 
in  termediate 

R382-7 

high- to- 
inte  rinediate 

low-to- 
inte rmediate 

intermediate 

LR100-172 

high 

low 

high-to- 
inte  rmediate 

R7114 

low 

inte  rmediate 

low-to- 
inte  rmediate 

■'■On 


unprimed  adherend  surfaces. 
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to  humidity  degradation  will  not  be  obtained.  The  use  of 
deionized  water  for  rinsing  during  adherend  surface  preparation 
provides  some  improvement  in  bond  durability  but  the  added  cost 
must  be  weighed  against  the  amount  of  improvement  attained  in 
large  industrial  processes.  This  judgement  must  also  take 
into  account  the  quality  of  tap  water  available  in  order  to 
determine  the  degree  of  durability  achievable  without 
deionized  water  rinsing. 

One  other  testing  variable  evaluated  in  this  investigation 
was  the  type  of  specimen  used  .in  the  lap  shear  tests.  The  use 
of  the  preslotted  (finger)  specimens  for  lap  shear  testing 
offer  no  advantages  over  machined  specimens  in  the  development 
of  shear  data  since  the  adhesives  evaluated  were  ranked  in 
the  same  order  of  decreasing  strength  by  both  types  of  specimens. 
Since  the  finger  specimens  are  more  expensive,  there  is  no 
advantage  in  their  use. 
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APPENDIX  I 

ADHEREND  SURFACE  PREPARATION  PROCEDURES 


Two  different  surface  preparation  procedures  were  used  in 
the  preparation  of  the  test  specimens,  a  standard  and  an  optimized 
FPL  etch.  The  standard  basic  (or  non-optimized)  FPL  etch  treat¬ 
ment  is  described  in  ASTM  D2651,  Method  A.  The  optimized  FPL 
etch  treatment  is  described  in  ASTM  D2651,  Method  G.  The 
step-by-step  procedures  utilized  in  this  investigation  are 
described  as  follows. 

Adherend  Etch  Procedure 

1.  Solvent  wipe  with  MEK  or  acetone. 

2.  Vapor  degrease  for  10  minutes  in  trichloroethylene. 

3.  Alkaline  wash  for  10  minutes  at  155  +  5°F  (68  +  3°C) 

(Note  1)  . 

4.  Water  rinse  for  10  minutes  in  a  continuous  flow  bath 
(Note  3)  . 

5.  Etch  for  10  minutes  in  the  FPL  (or  optimized  FPL)  etch 

solution  at  ±5  5  5°F  (68  +  3°C)  (Note  2)  . 

6.  Water  rinse  immediately  after  removal  from  etch  solution 
for  10  minutes  in  an  agitated  continuous  flow  bath 
(Notes  3  and  4 ) . 

7.  Force  dry  with  a  heat  gun  or  in  an  oven  for  10  minutes 
at  1 5 0 " F  (  60  °C)  . 

Notes: 

1.  Alkaline  solution  consists  of: 

a.  1  gallon  tap  water 

b.  170  grams  Turco  4  23.5 

c.  7  mi.  Turco  4215  additive 

2.  FPL  t-  ter.  solution  consisted  of: 

j  j  1?  S  tl  ra  p  V.'  uLji 

grams  NcvCr  2  *  2 H 2 0 
_  1  to  r.v  - 1 2  G  C  4  (re  a  go  r,  t  ■ 
urn:-  of  dissolved  2024  aluiun  ri. 

Li  mi  ze<i  Fih  e  tch  soiuti  ot.  :.v  <  . 

L.i  w -j  ■  !  v. . : us'  ^  in  t  1.  Ul.  .  ..  :U  L«.  it 

L:r.  e-i ’  i’  .'.1  ; :  agns  and  :.l  .u  .  ;  . 

_:i  lull  tui  ton  si  ui.  (Pti.vii  .j  1  wi,'’li3  u  .  *1  a..  4 

':ry:  cot:  iiv  standard  and  opt:  mi  zee.  ■’P;  "  tc  ie 
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part  of  the  Crack  Extension,  Paragraphs  2. 3. 2-4, 
and  3.2-4)  a  deionized  water  rinse  was  used. 

At  the  conclusion  of  the  rinse  step,  cleaned  parts 
were  observed  for  water  break.  A  panel  passed  if 
a  continuous  film  of  water  was  maintained  on  the 
surface  for  not  less  than  30  seconds.  Parts  failing 
this  water  break  inspection  were  reprocessed  through 
the  acid  etch  procedure  described  above.  If  the  part 
failed  a  second  time,  it  was  discarded. 

It  will  be  noted  that  the  only  uifference  between  the 
standard  and  optimized  FPL  etch  procedure  is  that  the  etch 
solution  used  in  the  optimized  procedure  has  2024  aluminum  alloy 
dissolved  in  it  while  the  standard  solution  does  not.  The 
significance  of  this  difference  seems  to  be  in  the  copper 
content  of  the  starting  etch  solution  imparted  by  the  copper 
containing  2024  alloy.  If  a  non-optimized  FPL  etch  solution 
is  used  to  treat  a  copper  containing  alloy  such  as  2024,  the 
copper  content  of  the  solution  will  increase  and  the  solution 
will  gradually  become  optimized.  A  copper  concentration  equi¬ 
valent  to  that  obtained  by  dissolving  0.20  ounces  or  more  of 
2024  aluminum  alloy  per  gallon  of  solution  (1.5  gm/liter) 
is  required  for  an  FPL  etch  solution  to  be  considered  optimized. 
During  this  investigation,  the  non-optimized  FPL  etch  solutions 
were  discarded  before  the  copper  content  reached  this  level. 

Titration  to  Determine  Sodium  Dichromate  Concentration 
of  FPL  Etch  Solution 


Materials:  -  Sulfuric  Acid,  concentrated  -  96.4  percent 

-  Potassium  Iodide,  crystals 

-  Sodium  Thiosulfate,  0 . IN  (purchased) 

-  Starch  Indicator  Solution 

-  Deionized  Water 

All  materials  to  be  reagent  grade. 

Hardware:  -  Mettler  Balance 

-  Pipette:  1  ml,  1/100  ml  graduations 

-  Pipette:  2  ml,  1/10  ml  graduations 

-  Pipette:  5  ml,  1/10  ml  graduations 

-  Pipette:  25  ml,  1/10  ml  graduations 

-  Pipette:  50  ml  Transfer 

-  Burets:  2  ea.  100  ml  Automatic 

-  Burets:  1  ea.  50  ml  automatic 

-  Burets:  1  ea.  50  ml 
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-  Magnetic  Stirrer 

-  Magnetic  Stir  Bar 

-  250  ml  Ehrlenmeyer  Flask 

-  Pipetting  Bulb 

-  250  or  500  ml  Holding  Bottles 

-  125  ml  Ehrlenmeyer  Flask 

-  1000  ml  Ehrlenmeyer  Flask 

-  100  ml  Volumetric  Flask 

Procedure : 

1.  Clean  all  glassware  with  Alconox  and  water,  rinse  several 
times  with  distilled  or  deionized  water  and  allow  to  dry 
thoroughly . 

2.  Insure  that  glassware  is  at  room  temperature. 

3.  Make  sulfuric  acid,  10  percent,  by  weighing  100  grams  of 
sulfuric  acid  (concentrated)  into  a  flask  (125  ml) .  Fill 
a  1000  ml  flask  with  500  grams  of  deionized  water  (weigh 

it) .  Pour  the  acid  into  the  deionized  water  while  stirring. 
Weigh  additional  deionized  water  into  the  flask  until  you 
have  1000  grams  of  solution. 

4.  Make  20  percent  potassium  iodide  by  weighing  20  grams 
into  a  100  ml  volumetric  flask.  Add  a  little  bit  of 
deionized  water  and  swirl  until  the  crystals  dissolve. 

Add  deionized  water  until  the  100  ml  volume  mark  is 
reacned  by  the  bottom  of  the  meniscus.  Store  in  a  dark 
place  —  it  is  light  sensitive. 

5.  Pipette  2  ml  of  acid  etch  to  be  tested  into  a  250  ml 
Ehrlenmeyer  flask.  Drop  a  magnetic  stir  bar  into  the 
bottom  and  place  on  a  stirrer. 

6.  Add  50  ml  of  deionized  water  by  transfer  pipette. 

7.  Add  12.5  ml  of  10  percent  H2SO4  (by  pipette  or  buret) . 

8.  Add  3  ml  of  potassium  iodide  [20  percent  solution]  (by 
pipette  or  buret)  . 

9.  Titrate  with  0 . IN  sodium  thiosulfate  until  a  straw  color 
appears  --  do  this  very  slowly  so  as  not  to  overshoot 
the  end-point  (from  buret). 

10.  Add  2  ml  starch  indicator  by  pipette. 

11.  While  stirring  rapidly,  add  0 . IN  sodium  thiosulfate 
dropwise  very  slowly  until  color  changes  to  a  light  blue. 


12. 


Record  the  number  of  ml  of  sodium  thiosulfate  useo. 


Calculations 


Determine  the  sodium  concentration  by  the  following 
formula: 


ml  of  sodium  thiosulfate  (0.1N)  x  4.967 

2 


Sodium  dichromate 
concentration  in 
grams  per  liter 
of  solution 


Safety : 

Wear  safety  glasses,  acid  proof  gloves,  and  a  lab  coat. 
Use  Pipetting  bulb  for  transferring  liquids.  Decontaminate 
spills  with  Alconox  and  water.  For  skin  contact,  wash 
thoroughly  with  soap  and  water.  For  eye  contact,  rinse 
15  minutes  with  water,  get  medical  aid. 


Titration  to  Determine  Sulfuric  Acid  Concentration  of 
FPL  Etch  Solution 


Materials : 


0.1N  NaOH  Solution  (purchased) 
Deionized  Water 


Hardware : 


Pipette:  1  ml,  1/100  ml  graduations 
Pipetting  Bulb 
250  ml  Beaker  (2) 

Magnetic  Stirrer 
50  ml  Transfer  Pipette 
Magnetic  Stir  Bar 
pH  Meter 

100  ml  Automatic  Buret 
pH 7  Buffer  Solution 


Procedure : 

1.  Clean  all  glassware  with  Alconox  and  water,  dry 
thoroughly  and  bring  to  room  temperature. 


Hutu  cie. 


,ir 


’rare  t  c  i 


a  c  i  c 
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7.  Rinse  electrodes  and  wipe  dry. 

8.  Immerse  electrodes  in  the  acid  solution  which  you  have 
placed  on  a  stirrer. 

9.  Add  NaOH  (0.1N)  dropwise  until  pH  3.5  is  reached. 

10.  Record  the  number  of  ml  on  NaOH  (0.1N)  used. 

Calculations : 

Determine  the  sulfuric  acid  concentration  as  follows: 


ml  of  NaOH  (0.1N)  x  49.04 


Saf  e  ty : 


Sulfuric  acid  concentration  in 
grams  per  liter  of  solution 


Wear  safety  glasses,  acid  proof  gloves,  and  a  lab  coat. 
Pipette  liquids  using  a  bulb.  Decontaminate  spills  with 
Alconox  and  water.  For  skin  contact,  wash  thoroughly  with 
soap  and  water.  For  eye  contact,  rinse  15  minutes  with  water, 
cot  medical  aid. 

Ad justment  of  FPL  Etch 


Materials : 


Hardware : 
Procedure : 
1. 


-  Sulfuric  Acid  (Reagent) 

-  Sodium  Dichromate  (Reagent) 

-  Deionized  Water  (needed  only  if  measured 

concentrations  are  too  high  and  solutions 
must  be  diluted) 

-  Graduated  Cylinders  -  size  as  needed 


After  titration,  the  concentrations  determine  how  much 
sodium  dichromate  and  sulfuric  acid  to  add  using  the 
following  specification: 

Sodium  Dichromate  28.5  grams/liter  (27.0  -  30.0) 
Sulfuric  Acid  285.0  grams/liter  (280  -  290) 

Adjust  the  acid  first  -  remember  adding  acid  changes 
the  volume. 

Add  dichromate  according  to  the  new  adjusted  volume. 


55 


l 


ISktlM  AifaJiJllJIluiiillii'IMilll iiM  'UlUII UlrillAaitfi  litftiL'i  IhllUUlJiL...  J  Jim . 


Calculations : 

Example : 


Sodium  dichromate  was  21.5  grams/liter. 
Sulfuric  acid  was  215  grams/liter. 

To  add  acid  285-215  =  70  grams  per  liter 


42.4  ml  of  acid 


(10  percent  sulfuric  acid  has  specific  gravity 
1.65  grams/ml) 


of 


(pour  acid  slowly  -  it  will  get  hot  as  you  add  it  to 
the  solution) 


The  new  volume  is  now  1.04  liters. 


To  add  sodium  dichromate 

28.5-21.5  =  7  grams/liter 
7  x  1.04  =  7.28  grams 


After  adjustment,  recheck  concentrations  by  titration. 

If  the  concentrations  measured  by  titration  are  too  hign 
the  reverse  procedure  (add  water  to  dilute)  must  be  folio  e  . 


Safety : 

Acid  gloves  and  aprons,  safety  glasses.  Spills  decon 
taminate  with  Alconox  and  water.  Rinse  skin  or  eyes  with 
—  get  medical  aid. 


APPENDIX  II 


PRIMER  APPLICATION  PROCEDURE 


The  primer  was  applied  to  the  adherends  using  the  following 
equipment  and  procedures. 


2 . 1  Equipment 

The  Brinks  Wren  B  (air  brush)  was  used  in  priming  the  smaller 
bonding  area  panels  (lap-shear  and  stress-durability  adherends) 
because  it  would  conserve  primer  (less  over-spray)  and  give  a 
similiar  spray  pattern  as  obtained  with  the  Brinks  Model  15 
spray  gun  used  on  the  larger  panels. 

The  Brinks  Model  15  (spray  gun)  was  used  in  priming  the 
larger  bonding  area  panels  (floating  roller  peel  and  DCB  crack 
growth  adherends)  because  it  covers  a  larger  surface  area  with 
each  pass  of  the  gun,  saving  time  and  giving  a  more  uniform 
thickness  control  of  the  primer. 

A  Dermitron  D-9  (Eady  current)  by  unit  Process  Assemblies 
Inc.  was  used  to  measure  primer  thickness. 


2.2  Application  Procedure 

The  primer  was  applied  in  several  coats  rather  than  in 
a  one  or  two  pass  build  up  of  primer  thickness.  The  Brinks  Wren 
B  (air  brush)  was  set  up  for  best  spray  pattern  using  20-25 
psi  line  pressure  and  the  primer  was  applied  in  10  to  15 
passes  at  a  distance  of  8  inches  (20  cm).  The  Brinks  Model  15 
(spray  gun)  was  adjusted  for  the  best  pattern  at  30-35  psi  line 
pressure  and  the  primer  was  applied  in  a  criss-cross  pattern 
of  4-5  passes  in  each  direction  at  a  distance  of  12  inches  ( JU  cm; . 

Thickness  measurements  were  taken  with  the  Do  matron  D-9 
instrument  several  times  during  the  coarse  of  the  primer  applica¬ 
tion  until  the  desired  primer  thickness  hat:  been  attained .  The 
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color  of  the  primed  surface  was  noted  and  the  remainder  of  the 
panels  were  sprayed  to  visual  color  equivalence.  All  primed 
surfaces  were  inspected  with  the  Dermitron  D-9  Instrument  to 
insure  that  the  primer  layer  was  within  the  desired  limits. 

Any  primed  surfaces  with  visibly  obvious  defects/blemishes 
were  also  rejected. 

2.3  Cure  Cycle  (both  primers) 

Air  dry  for  30  minutes  at  72°F  (22 °C) 

100  percent  check  of  primer  thickness  (manufacturers 
speci f ication) 

Force  dry  for  60  minutes  at  25Q°F  (122°C) 

Spot  check  for  primer  thickness 

2.4  Storage 

The  primed  adherends  were  covered  with  Kimwipes  and 
stored  at  72°F  (22°C)  ,  50  percent  relative  humidity  until  bonding 

2.5  Bonding 

The  panels  were  bonded  within  24  hours  of  priming  using 
the  manufacturers  recommended  cure  cycle. 


APPENDIX  III 

TANEL  LAY-UP  AND  BONDING  PROCEDURES 

The  various  types  of  panels  prepared  during  this  program 
are  illustrated  in  Figures  1,  3,  and  4.  The  film  adhesives 

were  stored  in  a  closed  plastic  wrapper  at  0°F  (-18°C)  prior  to 
use.  The  adhesive  was  warmed  to  room  temperature  before  removal 
from  the  wrapper  to  prevent  moisture  condensation  on  the  adhe¬ 
sive.  Adhesive  pieces  were  cut  to  the  required  size  with  a 
razor  knife.  These  sizes  were  5/8"  x  9-1/4"  for  the  lap-shear 
and  stress-durability  panels,  3"  x  8"  for  the  peel  panels,  and 
6"  x  12"  for  the  crack  growth  panels. 

The  etched  and  primed  adherend  panels,  along  with  the 
adhesive,  were  assembled  in  the  stacking  sequence  illustrated  in 
Figure  III-l.  The  assembled  lay-up  stack  was  placed  in  a  pre¬ 
heated  press  and  the  curing  schedule  appropriate  for  each  adhesive 
was  carried  out  (see  Table  III-l) . 

The  only  exception  to  the  above  procedure  was  for  the 
LR100-172,  a  2-part  paste  adhesive  stored  at  room  temperature. 

With  this  system,  appropriate  amounts  of  each  component  were 
hand  blended  on  a  clean  fiat  surface  with  a  steel  spatula  until 
color  homogeneity  was  achieved.  It  was  then  trowelled  onto  the 
bond  area  by  hand  to  an  approximate  thickness  of  0.010-0.015 
inches  (0.254-0.381  mm)  and  the  lay-up  stack  assembled  as 
shown  in  Figure  III-l . 

After  curing  of  the  bonded  panels  the  panels  were  inspected 
for  proper  alignment  (no  slippage  during  cure) ,  and  the  glue 
line  thickness  was  measured  on  the  lap  shear  panels  to  insure 
that  they  were  within  the  acceptable  limits  of  0.004-0.007  inches 
(  0 . 10-0 . 18  mm)  . 
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(a)  Lap-Shear  and  Stress-Durability  Specimen  Layup  Model 


(b)  Floating  Roller  Peel  and  DCS 
Mode  1 


Crack 


Growth 


Specimen 


Lay  u_ 


£ 

C 

D 


Specimen  Layup  (a  or  b  above) 


[ 


-D 

33 


(c)  Layup  Stack  Common  to  Both  Type  Specimen  Layups 


A  -  Upper  or  Lower  Flatten 
ii  -  1/8"  Aluminum  Cauls 
C  -  1/3"  Silicone  Rubber  Sheet 
u  -  5  rail  Teflon  Release  Sheet 
E  -  Panel  Adherend 
F  -  5  mil  Teflon  Shim 

G  -  Spacer  (Thickness  of  Panel  Adherend) 
H  -  Adhe  s  l  vo  (Til  m  o r  Fas  te ) 


Figure  111-;.  Bonded  Panel  Layup  Models. 
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MAN  U  i'ACTC  Hi:  !<.-  hliQUt  REO/KI-:  COM  KUKDED 
ADHES  CURE  SCHEDULES 


A dho  s*  i  vc 

Cure  T  i  me  -  Ten;  -e  r  a  t  u  r  o  -  R  r  c-  s  s  u  r  e 

Cure  Cycle 

9  otl-3 

R  7  1 1  4 

4  5  +  5  minutes  at  28  0  +  3  °  F  (138  _r  3  °  C ) 
and  4o  t  ]u  psi  (  2  76  ■*  CO  ICPa  ) 

1 

X  A  -  1  3  0 

4  3  +  5  minutes  at  2  30  *_  3  °  F  (138  +  3°C) 

and  40  +  10  psi  (276  +  09  KPa) 

1 

E  A  0  C  0  1  N  W 

4  5  -r  5  minutes  at  250  +  5  * !'  (121  +  3  °  C ) 
and  4  0  -i  10  psi  (2  76  +  6  9  K  P  a  ) 

2 

LK100-232 

43  +  3  minutes  at  250  +  3 "F  (121  +  3  °  C ) 
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2 
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3 

\  l  R  1 A  0  -  1  7  e 

I 

1 

1 _ 

Mix  100  ports  py  weight  of  (-art  A  with  18 
parts  )j  y  weigh':  of  part  B  . 

1 2  i>  *  3  minutes  at  130  -t  -  i  (Be  »  3*0 

and  23  r  3  psi  (171  -  3  3  Kl’a) 

4 

_ ! 
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(except 
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above) 
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S  0  F 

(12  1 

+  3°C) 

L .  riaoi-  bonding  fixture  and  j.-art  into  press 
at  contact  pressure 
c  .  Alio v;  3  to  3  minutes  dwell  t  i ir. e 

d.  Apply  40  +  1C  i/si  (2  76  +  69  Kla)  pressure 
and  increase  press  temperature  to  280  +_ 

C  0  P  (  1  3  8  +  3  °  C  ) 

e.  Cure  for  45  *  5  minutes 

t.  Remove  bonding  fixture  and  part  from  p-iress 
y.  Cool  tondir.y  fixture  and  part  for  :">  minutes  at  1:  .  T . 
)•! .  Remove  part  from,  bonding  fixture 
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APPENDIX  IV 

SPECIMEN  MACHINING  PROCEDURES 


Machined  Lap-Shear  Specimens 

There  were  two  types  of  machined  lap  shear  specimens 
employed  in  this  program:  those  used  in  the  static  lap 
shear  tests  and  illustrated  in  Figure  1  (page  o)  ,  and  those 
used  in  the  stress-durability  tests  and  illustrated  in  Figure  5 
(page  12).  The  only  difference  between  these  two  types  of 
specimen  is  that  the  stress-durability  specimens  are  2  inches 
(5.1  cm)  longer  ana  have  a  hole  in  each  end.  Both  were  layed 
up  in  panel  form  as  illustrated  in  Figure  1-a  with  five 
specimens  obtained  from  each  panel.  All  five  specimens 
were  finish-cut  simultaneously  from  a  panel  on  a  gang  mill 
using  circular  mill  blades  spaced  one  inch  apart.  During  the 
milling  operation  the  panels  were  clamped  firmly  in  place 
in  a  special  fixture  to  support  the  bondline  during  cutting 
and  eliminate  vibration  damage.  The  clamping  fixture  is 
slotted  to  accommodate  tne  mill  nlades.  After  milling,  the 
hole  position  on  the  stress  durability  specimen  was  located 
by  hand  measurement  and  drilled  to  accommodate  the  gripping 
bolt  in  the  spring  fixture. 

P  re  s  lot  ted  ( Finger)  Lap-Shear  Specimens 

The  finger  specimens  were  obtained  from  a  panel  illustrated 
in  Figure  1-b  (page  6) .  The  panel  was  cut  into  individual  test 
specimens  (five  per  panel)  by  bandsawing  through  the  small 
webs  connecting  the  specimens  together. 

Floating  Rollei  Peel  and  DCB  Crack  Extension  Specimens 

The  panels  from  which  these  types  of  specimens  are 
obtained  are  illustrated  in  Figures  3  (page  10)  and  7  (page  13)  . 
Four  specimens  were  obtained  from  each  peel  panel  and  five 
specimens  from  eaci,  DCB  panel.  The  DCB  panels  were  G  inches 
(15.24  cm)  wiue  as  fabricated.  Each  of  these  two  types  of 
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panel  was  cut  into  slightly  oversized  strips  on  a  bandsaw 
then  dry-milled  to  their  respective  final  dimensions.  The 
hole  position  in  the  DCD  specimen  was  then  located  by  hand 
measurement,  drilled,  and  tapped. 


APPENDIX  V 


ADHESIVE  PROPERTY 

DATA  FROM  MANUFACTURERS'  LITERATURE 


Hy sol  LRIOO-172 


2024-T3  Clad,  FPL  etch,  no  primer 

Cure  Cycle:  2.5  hours  at  165°F  (74°C),  psi  not  specified 


Strength 

Lap  Shear: 

Exposure  Cond . 

Test  Temp. 

psi 

MPa 

None 

R.T. 

4500 

31.0 

None 

200°F(93°C) 

2000 

13.8 

14  days  3  200°F(93°C 

200°F (93°C) 

3000 

20.7 

95-100%  R.H. 

Hy sol  EA  9601  NW 

2024- 

T3  Clad,  chromic  acid  etched,  no  primer 

/ 

0 .06  3 

inch  (0.16  cm)  adherend 

Cure 

cycle:  60  minutes  at  250°F  (121°C) ,  25 

-40  psi 

(172-276  KPa) 

strengtn 

Lap  Shear: 

Exposure  Cond. 

Test  Temp. 

psi 

MPa 

None 

-67°F(-55°C) 

5000 

34  .  5 

None 

77° F (37°C) 

5300 

36.5 

None 

180  °F ( S2  °C) 

4  300 

29.6 

10  min  3  250°F(I21°C) 

250°F(121°C) 

2200 

15,1 

Reliabond  R 

.  382-7 

Aluminum,  etch  and  primer  not 

specified 

Cure 

cycle:  60  minutes  at  250°F  (121°C),  25 

psi 

(172  KPa) 

! 

1  Strength 

Lap  Shear: 

Exposure  Cond. 

Test  Temp. 

psi 

MPa 

None 

-67°F(-55°C) 

4500 

31.0 

None 

R.T. 

5120 

35 . 3 

None 

200°F (93°C) 

2800 

19 . 3 

ReliaLund  R  7114 

Aluminum,  etch  and  primer  not  specified 
Cure  cycle:  45  minutes  @  28  501V  (141°C)  ,  25-50  psi 
(172-345  KPa) 


1 

Exposure  Cond. 

i  i 

Test  Temp.  j 

,  Strength 
psi  MPa 

None 

-6  7  °F ( -55  °C) 

i 

5990 

41 . 3 

None 

R.T. 

6140 

42 . 3 

None 

20  0  °F ( 9 3 °C) 

4560 

31.4 

14  days  @  200°F(93°C) 
%  R.H.  not  specified 

200  °F (9  3 °C)  ! 

2195 

15.1 
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Hysol  LR100-25 2  (EA  9652)  -  0.085  lb/ft2  (0.415  Kg/in2)  film 

2024-T3  Clad,  FPL  etch,  corrosion  inhibiting  primer, 

0.063  inch  (0.16  cm)  adherend 
Cure  cycle:  45  minutes  at  2 5 0 ° F  (121cC)  ,  40  psi  (276  KPa) 


Lap  Shear:  Exposure  Cond. 

Test  Temp . 

Strength 
psi  MPa 

None 

-67°F(-55°C) 

5040 

34.7 

None 

7  2  °F ( 2  2  °C) 

4540 

31.3 

None 

200  °F ( 9  3°C) 

4040 

27.8 

14  days  @  200°F(93°C) 
and  95%  R.H. 

20 0  °F  (9  3°C) 

2370 

16.3 

3M  AF-180 


2024-T3  Clad,  etch  and  primer  not  specified 

Cure  cycle:  90  minutes  at  235°F  (113°C) ,  35  psi  (241  KPa) 


Lap  Shear: 

Exposure  Cond. 

Test  Temp. 

|  Strength 
!  psi  MPa 

None 

-6  7°F ( -55  °C) 

4500 

31.0 

None 

R.T. 

5500 

37.9 

None 

180°F ( S2°C) 

3000 

20.7 

McCann  MA  429 


Aluminum,  etch  and  primer  not  specified 
Cure  cycle:  60  minutes  at  250°F  (121°C) ,  10-50  psi 
(69  to  345  KPa) 


Lap  Shear: 

Exposure  Cond. 

Test  Temp. 

Strength 
psi  MPa 

None 

1 

-6  7 °F ( -55  °C) 

5030 

34.7 

None 

R.T. 

5400 

37.2 

None 

1 80°F ( 82°C) 

4520 

31.1 
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APPENDIX  VI 

INDIVIDUAL  SPECIMEN  LAP  SHEAR  TEST  DATA 

The  data  presented  here  are  for  the  tests  and  results 
discussed  in  paragraphs  2.3.1  and  3.1. 
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INDIVIDUAL  lap  SHEAR  TEST  RESULTS  FOR  R382-7  ADHESIVE 
OH  MACHINED  SPECIMENS  PREPARED  WITH  STANDARD  FPL  ETCH 


Tested  -3  20C"F  <93*0  ,  after  14  Jays  ?  20D*F  i9J"C 

Sae  lljur*  9,  page  18. 


SS-lCOt  R.H. 


ADHESIVE 


INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  AJ - 180 
ON  FINGER  SPECIMENS  PREPARED  WITH  OPTIMIZED  FPL  ETCH 


e«t  Temp. 


Sp^c. 
Primer  No. 


72-F  (22*C>  Dry 


Strength 


Failure  2 
Mode 


SR127 

F5CBE 

1-2 

2220 

15.3 

1-4 

2220 

15.3 

2-1 

2220 

15.3 

1 

2-3 

216C 

15.0 

2-5 

2JSC 

1C.  2 

Ave . 

2240 

15.4 

S.D. 

70 

o.s 

XA  3950 

FbOME 

l-l 

2630 

18.  1 

1-3 

2  470 

17.  > 

1-: 

2470 

17. C 

2-2 

2420 

16.7 

2-4 

2450 

16.9 

Ave. 

2490 

17.1 

i 

S.D. 

eo 

0.  S 

i 

1 

NONE 

F60NE 

j 

1-2 

50.0 

20 . 9 

1-4 

1220 

22.2 

i 

2-1 

3  3  3  J 

2..  7  ! 

| 

> 3 

3  270 

22.1  | 

--- 

2C2-, 

15.1  j 

1 

! 

Ave . 

3)00 

! 

-  J  •  9  | 

i 

S.D. 

TOO 

0-0-0- ICC 
O-G-O -ICO 
0-C-0-1C G 


200*F  (93*0  After  Aging 


Failure  2 
Mode 


3  7C 

, 

9.5 

4  4  C 

10.0 

240 

8 .  $  . 

290 

0.9 

270 

8.7 

?20 

90 

0.6 

0-0-0-103 
0-0-C-iCC 
0-0-0-100 
C-C-O-lOO 
0-0-0-  100 


0-0-0- 1^-0 
o-  >100 
0-0-0-10C 
0-0-0-100 
0-0-0-100 


F6CIIE  ! 

i-i  i 

1390 

INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  LR100-172  ADHESIVE 
ON  FlNCRR  SPECIMENS  PREPARED  WITH  OPTIMIZED  FPL  ETCH 


Test 

Temp. 

72*F 

(22*C)  Dry 

200*F  (93*C) 

After  Aging1  I 

Adhet. 

Primer 

Spec. 

Stre 

igth 

Failure  2 

Spec. 

Strength  I 

Failure  2 

No. 

p8i 

MPa 

Mode 

iJo. 

psi 

MPa 

Mode 

5052- 

NONE 

F50NA 

F50NA 

H34 

1-1 

3290 

22.7 

100-0 

1-2 

2840 

19.6 

100-0 

1-3 

2470 

17.0 

100-0 

1-4 

3020 

20.8 

100-0 

1-5 

2600 

17.9 

100-0 

2-1 

2960 

20.4 

100-0 

2-2 

3570 

24.6 

100-0 

2-3 

2690 

18.5 

100-0 

2-4 

4060 

28.0 

100-G 

2-5 

2420 

16.7 

100-0 

Ave. 

3200 

22.0 

100-0 

Ave. 

2790 

19.2 

100-0 

S.D. 

670 

4.9 

S.D. 

240 

1.7 

BR127 

F50BA 

F5CBA 

mu 

1-1 

3430 

23.6 

100-0-0-0 

1-2 

I 

21.7 

20-0-80-0 

1-3 

3210 

22.1 

lCO-0-0-0 

1-4 

19.9 

40-0-60-0 

1-5 

3190 

22.0 

100-0-0-0 

2-1 

20.6 

60-0-40-0 

2-2 

4310 

29.7 

_ 3 

2-3 

20.9 

40-0-60-0 

2-4 

4360 

30.0 

2-5 

3130 

21.6 

40-0-60-0 

Ave. 

3700 

25.  5 

100-0-0-0 

Ave. 

3040 

21.0 

40-0-60-0 

S.D. 

580 

4.0 

S.D. 

110 

.7 

XA3950 

F50MA 

.'50133 

1-1 

17.6 

10-0-90-0 

1-2 

2720 

18.7 

10-0-90-0 

1-3 

WBEM 

18.7 

20-0-80-0 

1-4 

2970 

20.5 

10-0-90-0 

1-5 

2670 

18.4 

40-0-60-0 

2-1 

2420 

16.7 

40-0-60-0 

2-2 

4320 

29.8 

_ 3 

2-3 

3020 

20.8 

20-0-80-0 

2-4 

4340 

29.9 

_ 3 

2-5 

2770 

19.1 

50-0-50-0 

Ave. 

mm 

22.9 

25-0-75-0 

Ave. 

2780 

19.2 

20-0-80-0 

S.D. 

ns 

6.4 

S.D. 

280 

1.9 

MHB 

6061- 

NONE 

F60NA 

rcowA 

T6 

i-i 

4800 

33.1 

3  00-0 

1-2 

3160 

21.8 

100-0 

1-3 

4850 

33.4 

100-0 

1-4 

2960 

20.4 

100-0 

1-5 

4900 

33.4 

100-0 

I  2-1 

2780 

19.2 

100-0 

! 

2-2 

4500 

31.0 

100-0 

I  :-3 

2770 

19.1 

100-C 

2-4 

4460 

30.7 

100-C 

j  2-5 

2750 

19.0 

100-0 

i  1 

Ave. 

4700 

32.4 

10C-0 

1  Ave. 

2880 

19.8 

100-0 

!  1 

t  __ 

S.D. 

210 

1.4 

i  S.D. 

180 

1.2 

1  |  U  M  2  7 

F60BA 

| F60BA 

1  I 

!  w 

4100 

28.3 

3-0-100-0 

1  w 

2660 

13.3 

0- 100-0-0 

<  i 

1-3 

4220 

29.1 

0-0-100-0 

1-4 

3330 

23.0 

0-100-0-0 

1  i 

!  x'5 

4190 

28.0 

0-0-100-0 

1  ^ 

3640 

25.1 

0-100-0-0 

i 

i  2-2 

4250 

29.3 

0-0-100-0 

!  2-3 

3050 

21.0 

0-100-0-0 

;  i 

I  2-4 

4400 

30.3 

0-0-100-0 

|  2-5 

2930 

j  20.2 

0-100-O-9 

•  ! 

1  Ave. 

4230 

29 . 1 

o-o-ioo-o 

|  Ave. 

3120 

21.5 

0-100-0-0 

, 

1  S.D. 

I 

110 

.  .  . 

•7 

_ - 

i  S.D. 

38C 

2.6 

; 

i XA  3950 

I 

1  r  COMA 

i 

1 

I 

‘  FbOKA 

! 

!  i-i 

4810 

|  33.1 

-o-ioo-9 

!  1-2 

3  37C 

23.2 

o 

1 

o 

1 

Cj 

1 

o 

!  1-3 

4670 

j  32.2 

0-0-100-0 

!  1-3 

3160 

21.8 

0-0- 1C0-.  ; 

’  l-  i 

4400 

j  30.  J 

O-U- 100-0 

!  2-1 

27  20 

18.7 

10-0-90-O  i 

2-^ 

4450 

|  30.7 

0-0-1 00“ 0 

2-3 

3100 

21.4 

0-0-100-0  i 

'  !"’• 

4  1  a0 

|  30.7 

..-G-ioo-o 

3030 

20.9 

10-0-90-0 

1 

»  Ave . 

4550 

J  31.1 

0-O-100-O 

i  Ave . 

3080 

21.2 

5-0-95-0  i 

S.D. 

180 

|  ’•- 

-  ■ 

S.D. 

240 

..6 

- . J 

iOTES-  Tested  •)  <g3°C) ,  after  U  .lay-  i  IUC*C<  ,  •■‘.-IOC'  R.H. 

2.  See  Flguro  9,  page  18. 

'.  Adhvrervi  KaLJ.urp. 


7G 


last  Temp. 


72°F  (22*0  Drv 


Strength 


200'F  (93'C)  After  Aging 


XA3950  |  F5FMC 
I  i-1 


F6FBC 
l-l 
I  1-3 


Failure ' 
Mode 


2600 

17.  Q 

2800 

19.2 

265C 

18.3 

270C 

18.6 

2700 

18.6 

2690 

18.5 

74 

0.5 

40-0-0-60 

70-0-0-30 

50-0-0-50 

40-0-0-60 

50-0-0-50 

50-0-0-50 


40-0-0-60 

40-0-0-60 

40-0-0-60 

30-0-0-7C 

40-0-0-60 

40-0-0-60 


Strength 


MPa 


Failure 

Mode 


90-0-0-13 

80-0-0-20 

80-0-0-20 

90-0-0-10 

90-0-0-10 

90-0-0-10 


0-0-0-100 

5-0-0-95 

10-0-0-90 

10-0-0-90 

20-0-0-80 

10-0-0-90 


T  1 

i  FOFMC  1 

i 

!  i-i  ; 

544 

i  1-3  j 

416 

1  1--  j 

418 

|  >2  | 

694 

!  2-4  j 

704 

;  Ave .  i 

555 

:  s-°-  i 

141 

F6FMC 

10-0-'.  -90 

i-r 

0-0— 10-90 

i-‘j 

HOT  AVAILABLE 

2-1 

o-20- 0-80 

2-3 

19-0-O-90 

2-5 

1 

j  i 

|  !  Ave . 

Taattd  9  200 °F  (93*0,  after  14 

See  figure  9,  page  10. 


:>oo“!  (93° 


95-100%  R.H 


INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  9601  NW  ADHESIVE 
ON  FINGER  SPECIMENS  PREPARED  WITH  STANDARD  FPL  ETCH 


Test 

Teap. 

72*F 

(22*C)  Dry 

200*F  (93*C)  After  Aging1  1 

Adher. 

Spec. 

Stre 

ngth 

Failure2 

Spec. 

Strength 

■Mil 

pai 

MPa 

Mod* 

No. 

P»i 

MPa 

Mode 

1 

5052- 

NONE 

FSFNB 

F5FNB 

H34 

1-4 

23.3 

20-80 

1-3 

270 

1.8 

100-0 

2-5 

ETTS 

22.6 

30-70 

1-5 

290 

2.0 

100-0 

4-1 

23.7 

20-80 

3-1 

180 

1.2 

100-0 

4-3 

kT!h 

27.0 

20-80 

4-2 

180 

1.2 

100-0 

4-5 

23.9 

20-80 

4-4 

220 

1.5 

100-0 

Ave. 

3500 

24.1 

20-80 

Ave. 

230 

1.6 

100-0 

246 

1.7 

S.D. 

54 

0.4 

BR127 

F5FBB 

2800 

19.3 

90-0-0-10 

i-i 

1140 

7.9 

80-0-0-20 

3000 

20.7 

90-0-0-10 

1-3 

980 

6.8 

80-0-0-20 

3280 

22.5 

90-0-0-10 

1-5 

880 

6.1 

60-0-0-40 

3330 

22.9 

90-0-0-10 

2-2 

560 

3.9 

30-0-0-70 

3030 

20.9 

80-0-0-20 

2-4 

580 

4.0 

30-0-0-70 

Ave. 

3090 

21.3 

90-0-0-10 

Ave. 

830 

5.7 

55-0-0-45 

S.D. 

219 

1.5 

S.D. 

254 

1.8 

XA3950 

F5FMB 

F5FMB 

1-2 

3300 

22.7 

40-0-0-60 

i-i 

780 

5.4 

100-0-0-0 

1-4 

2800 

19.3 

20-0-0-80 

1-3 

680 

4.7 

100-0-0-0 

2-1 

3000 

20.7 

40-0-0-60 

1-5 

440 

3.0 

80-0-0-20 

2-3 

3400 

23.4 

5-0-0-95 

2-2 

600 

4.1 

95-0-0-5 

2-5 

3200 

22.1 

10-0-0-90 

2-4 

440 

3.0 

60-0-0-40 

Ave. 

3140 

21.6 

25-0-0-75 

Ave. 

590 

4.1 

90-0-0-10 

S.D. 

241 

1.7 

S.D. 

151 

1.0 

■ 

6061- 

NONE 

F6FNB 

F6FNB 

H 

T6 

2-2 

4420 

30.5 

10-90 

2-1 

1-8 

100-0 

2-4 

4760 

32.8 

10-90 

2-3 

2.3 

100-0 

3-1 

4850 

33.4 

10-90 

2-5 

260 

1.8 

100-0 

3-3 

5030 

34.7 

10-90 

3-2 

570 

3.7 

100-0 

3-5 

4790 

33.0 

10-90 

3-4 

530 

3.7 

100-0 

Ave. 

4770 

32.9 

10-90 

Ave. 

390 

2.7 

100-0 

S.D. 

220 

1.5 

S.D. 

150 

1.0 

BR127 

F6FBB 

m 

4980 

34.3 

10-0-40-50 

i-i 

1850 

30-0-0-70 

5180 

35.7 

10-0-30-60 

1-3 

1940 

■tui 

40-0-0-60 

2-3 

5040 

34.7 

10-0-30-60 

1-5 

1110 

mam 

10-0-0-90 

3-1 

5080 

35.0 

10-0-40-50 

2-2 

1630 

11.3 

50-0-0-50 

3-5 

4730 

32.6 

10-0-0-90 

2-4 

1730 

11.9 

60-0-0-40 

Ave. 

5000 

34.5 

10-0-33-60 

Ave. 

1650 

11.4 

25-0-0-75 

S.D. 

162 

1.2 

S.D. 

320 

2.2 

XA3950 

F6FMB 

HI 

2-1 

4900 

33.8 

0-0-10-90 

2-2 

11.4 

70-0-30-0 

2-3 

5020 

34.6 

0-0-20-80 

2-4 

12.3 

80-0-10-10 

2-5 

4760 

32.8 

0-0-10-90 

3-1 

pffji 

6.1 

70-0-0-30 

3-2 

4960 

34.2 

0-0-20-80 

3-3 

Em 

7.9 

10-0-0-40 

3-4 

5020 

34.6 

0-0-40-60 

3-5 

1280 

8.8 

60-0-0-40 

4930 

34.0 

0-0-20-80 

Avt. 

1350 

9.3 

60-0-10-30 

KBS 

0.8 

S.D. 

370 

2.6 

NOTE!  1.  Tested  9  200*F  (93*C) ,  after  14  days  3  200*F  (93’C) ,  95-100%  R.H. 

2.  See  Flyura  9,  page  10. 
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1  2' 10*  V  (93*0  ,  after  14  days  »  J>  :i. 

2.  see  riyvire  9,  peg*  1*. 


INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  AF- 180  ADHESIVE 
ON  FINGER  SPECIMENS  PREPARED  WITH  STANDARD  FPL  ETCH 


Test  'leap. 

72*F  (22*C)  Dry 

200°P  (93“C) 

After  Aging1,  j 

Viher.j 

Spec. 

Strength 

Failure2  j 

Spec. 

Strength 

Failure  2 

\lloy 

Primer 

No. 

pai 

MPa 

Mode  1 

Mo. 

psi 

MPa 

Mode 

5052 

NONE 

F5FNE 

F5FNE 

H34 

1-1 

3700 

25.5 

20-80 

1-2 

1440 

9.9 

80-20 

1-3 

3000 

26.2 

20-80 

1-4 

1580 

10.9 

80-20 

1-5 

3500 

24.1 

20-80 

2-1 

1350 

9.3 

20-80 

2-2 

3150 

21.7 

10-90 

2-3 

1480 

10.2 

40-00 

2-4 

3300 

22.7 

10-90 

2-5 

1460 

10.1 

60-40 

Ava. 

3490 

24.1 

15-85 

Ave. 

1460 

10.1 

55-45 

S.D. 

270 

1.9 

S.D. 

80 

o.c 

DR127 

F5FBE 

F5FBE 

1-1 

2840 

19.6 

30-0-20-50 

1-2 

2080 

14.3 

20-0-30-50 

1 

1-3 

3140 

21.6 

40-0-20-40 

1-4 

1920 

13.2  | 

30-0-30-40 

i 

1-5 

2860 

'9.7 

30-0-30-40 

2-1 

1380 

9.5  1 

0-0-0-100 

2-2 

2850 

19.6 

10-0-10-80 

2-3 

1570 

10.8 

0-0- 10-90 

2-4 

2700 

13.6 

10-0-10-80 

2-5 

1320 

9.1 

0-0-0-100 

2880 

19.8 

25-0-15-60 

Ave. 

1650 

11.4 

10-0-15-75 

S.D. 

160 

1.1 

S.D. 

330 

2.3 

XA3950 

F5FME 

FSFFiE 

60-0-30-10 

i 

1-1 

3210 

22.8 

0-0-20-80 

1-2 

1430 

9.9 

1 

! 

1-3 

3470 

23.9 

0-0-20-80 

1-4 

1470 

10.1 

70-6-20-10 

1-5 

3430 

23.6 

0-0-20-80 

2-1 

1410 

9.7 

0-0-40-60 

2-2 

2650 

13.3 

0-0-10-90 

2-3 

1310 

9.0 

0-0-30-70 

I 

2-4 

2500 

17.2 

0-0-0-100 

2-5 

1310 

9.0 

0-0-30-70 

1 

3070 

21.2 

0-0-15-85 

Ave. 

1390 

9.6 

30-0-30-40 

I 

S.D. 

460 

3.2 

S.D. 

60 

C .  4 

1— 

J  606  i 

HONE 

FGFHt 

j 

1 - 

1 

|  F6FNE 

j  2270 

15.0 

i  50-50 

1  3 

|  ie 

1-1 

[  5110 

|  35.2 

i  10-90 

t  1-2 

1 

1-3 

1  50-» 

i  35.1 

]  1C-90 

|  1-4 

|  2180 

15.0 

1 

1-5 

;  4820 

i  33.2 

|  10-90 

I  2-1 

!  2220 

15.3 

400  J 

1 

2-2 

|  4850 

!  j  3 . 4 

!  10-90 

!  2-3 

1  2160 

14 . 9 

;  K:  • . ... 

:  40-Gu 

1 

2-4 

4720 

1  32.5 

j  10-90 

!  *-5 

j  2090 

14.4 

< 

Ave. 

4020 

\ 

*  33.9 

•  10- 9U 

j  |  Ave. 

’  2180 

15.0 

;  4C  •-  ! 

S.D. 

j  wo 

1 

! !  s.d. 

u _ 

i  70 

0 .  v 

1 

- -  : 

! 

1 

i  BP127 

1 

FGFBE 

i 

— 1  — 

i 

1 

1 

j 

|  F6FBE 

i 

32.2 

j  40-0-0-60 

i 

t 

1 

1-2 

{  254C 

!  17.5 

j  50-0-0-Su 

i  1-1 

j  4670 

I 

1 

1-4 

I  247,- 

1  17.  u 

.  50-0-0-60 

!  500C 

34.5 

1  50-0  •  0-30  > 

i 

2-1 

i  2220 

■  13.2 

;  ij-,)- 10-90 

1  19-0-0-90 

1  1-5 

1  2-2 

1  4700 

i  4120 

32.4 
2E .  •; 

j  30-O-u~7i 

1  20-'  '“0-80  j 

i 

i 

1 

2-5 

i  1H2(! 

*  12 . 

;  20-0-0-00 

i  2-4 

j 

4190 

28 . 9 

|  10-0-0-90  1 

:  15.1 

|  25-0-0-75 

j  Ave . 

453C 

31.2 

j  30-0-0-70  j 

1 

S.D. 

;  33u 

i  2.3 

I 

|  S.D. 

370 

i  2 .  c 

1 

4 _ ; 

j 

XA395 

1 

F6FMF 

j 

j 

i 

1 

1 

!  F6FME 

\ 

I 

IB.  0 

!  1 

i  .  ! 

1-1 

1  ‘1650 

j  32.0 

I  0-0-10-90 

!  .1-2 

|  2610 

10—6—20— / 0 

1 

1-3 

1  35.5 

!  0-0**  10-90 

!  1-4 

2560 

1  17.6 

10-0-10-80  j 

i  !-•; 

1  4450 

1  31.0 

1  o-e-o-ioo 

!  2-1 

2430 

I  16.7 

20-6-30-60  1 

t  2-2 

1  34.0 

|  0-0-10-90 

2220 

'  35.3 

20-0-20-60  ! 

| 

1  >... 

1  4  * 

;  V«'o 

|  14.  v 

!  I.Xi-10-90 

j  ?-1) 

1 

;  2300 

1  .  9 
l 

IVi-O-JO-b1.  ; 

i_ 

! 

\ 

1 

! 

1  Ave. 

1  3.0. 

—U _ - — 

1 

i  482 
i  270 

i  33... 

I  O  f  . 

1 

!  u-i-o.  : 

t 

1 

1 

1 

1  Ave . 

i  1  s.u- 

- 

!  7420 

f  160 

1  b .  7 
1.1. 

!  18-0-40- 75 

I 

NOTES •  l . 

2. 

J. 


Tested  y  lOO’F  (  ire l  ,  jlt  ;- 

Seo  Figure  J,  page  18. 

Adhorond  Failure. 


'.1  doyj  1  ?00*F  ("!“-)  .  95-100.  ft.  H- 
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INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  LR100-172  ADHESIVE 
ON  FINGER  SPECIMENS  PREPARED  WITH  STANDARD  FPL  ETCH 


Test 

Tamp. 

72*F 

(22*C)  Dry 

200*F  (93*C) 

After  Aging1  | 

Adhar. 

Prioar 

Spec. 

Strei 

igth 

Failure  2 

Spec. 

Strength 

Failure  2 

No. 

P*i 

MPa 

Mode 

;io. 

psi 

MPa 

Mode 

5052- 

NONE 

F5FNA 

F5FNA 

H34 

1-1 

2420 

16.7 

100-0 

1-2 

2970 

19.8 

100-0 

1-3 

2300 

19.3 

100-0 

1-4 

2870 

19.8 

100-0 

1-5 

2550 

17.6 

100-0 

2-1 

2660 

17.3 

100-0 

2-2 

2400 

16.5 

100-0 

2-3 

2510 

14.2 

100-0 

2-4 

2430 

16.7 

100-0 

2-5 

2060 

14.2 

100-0 

Ave. 

2520 

17.4 

100-0 

Ave. 

2590 

17.9 

100-0 

S.D. 

170 

1.2 

S.D. 

340 

2.3 

BR127 

F5FBA 

F5FBA 

1-1 

2160 

14.9 

100-0-0-0 

1-2 

2810 

19.4 

100-0-0-0 

1-3 

2690 

18.5 

100-0-0-0 

1-4 

2990 

20.6 

100-0-0-0 

1-5 

2590 

17.9 

100-0-0-0 

2-1 

2540 

17.5 

100-0-0-0 

2-2 

2630 

18.1 

90-0-10-0 

2-3 

2650 

18.3 

100-0-0-0 

2-4 

3040 

20.9 

100-0-0-0 

2-5 

2750 

19.0 

100-0-0-0 

Ave. 

2620 

18.1 

100-0-0-0 

Ave. 

2750 

19.0 

100-0-0-0 

S.D. 

320 

2.2 

S.D. 

170 

1.2 

XA3950 

F5FMA 

F5FMA 

1-7 

2680 

18.5 

100-0-0-0 

1-2 

2510 

17.3 

100-0-0-0 

1-3 

2250 

15.5 

100-0-0-0 

1-4 

2530 

17.4 

100-0-0-0 

1-5 

2500 

17.2 

100-0-0-0 

2-1 

2380 

16.4 

100-0-0-0 

2-2 

2260 

15.6 

100-0-0-0 

2-3 

NO  1 

EST 

2-4 

2320 

16.0 

100-0-0-0 

2-5 

2220 

15.3 

100-0-0-0 

Ave. 

2400 

16.5 

100-0-0-0 

Ave. 

2410 

16.6 

100-0-0-0 

S.D. 

180 

1.2 

SaOa 

140 

1.0 

6061- 

NONE 

F6FNA 

F6FNA 

T6 

1-1 

4150 

28.6 

100-0 

1-2 

3260 

22.5 

100-0 

1-3 

3740 

25.8 

100-0 

1-4 

3300 

22.7 

100-0 

1-5 

3840 

26.5 

100-0 

2-1 

3050 

21.0 

100-0 

2-2 

3480 

24.0 

100-0 

2-3 

3110 

21.4 

100-0 

2-4 

3730 

25.7 

100-0 

2-5 

3050 

21.0 

100-0 

Ave. 

3790 

26.1 

100-0 

Ave. 

3150 

21.7 

100-0 

S.D. 

240 

1.7 

S.D. 

120 

.8 

BR127 

F6FBA 

F6FEA 

1-1 

4140 

28.5 

100-0-0-0 

1-2 

3450 

23.8 

70-0-30-0 

1-3 

3570 

24.6 

95-0-5-0 

1-4 

3170 

21.8 

80-0-20-0 

1-5 

3960 

27.3 

100-0-0-0 

2-1 

3530 

24.3 

100-0-0-0 

2-2 

3640 

25.1 

100-0-0-0 

2-3 

3610 

24.9 

75-0-25-0 

2-4 

4160 

28.7 

100-0-0-0 

2-5 

3180 

21.9 

70-0-30-0 

Ave. 

3890 

26.8 

100-0-0-0 

Ave. 

3390 

23.4 

80-0-20-0 

S.D. 

280 

1.9 

S.D. 

200 

1.4 

XA3950 

F6FMA 

F6FMA 

1-1 

3300 

22.7 

60-0-40-0 

1-2 

3200 

22.1 

50-0-50-0 

1-3 

5600 

38.6 

90-0-10-0 

1-4 

3330 

22.9 

100-0-0-0 

1-5 

3980 

27.4 

100-0-0-0 

2-1 

2530 

17.4 

70-0-30-0 

2-2 

4060 

28.0 

0-0-100-0 

2-3 

3140 

21.6 

80-0-20-0 

2-4 

4120 

28.4 

0-0-100-0 

2-5 

3100 

21.4 

60-0-40-0 

Ave. 

4210 

29.0 

50-0-50-0 

Ave. 

3060 

21.1 

70-0-30-0 

S.D. 

840 

5.8 

S.D. 

310 

2.1 

NOTESi  1.  Tettad  e  200»F  (93*0,  aftar  14  day*  9  200*F  (93*0,  95-100%  R.H. 

2.  See  figure  9,  pa o*  II. 
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INDIVIDUAL  LAP  SHSAP  TEST  RESULTS  FOR  R382-7  ADHESIVE 
ON  MACHINED  SPECIMENS  PREPARED  WITH  OPTIMIZED  rPL  ETCH 


T«*t  T«np. 


72*F  (22*0  Dry 


200*F  (93*0  Afl«r  Aging 


AV«. 

S.D. 

3610 

236 

M50BC 

i-i 

2620 

1-2 

2740 

1-5 

3000 

2-2 

2550 

2-4 

2830 

Ava. 

2750 

S.D. 

178 

MSOMC 

1-1 

3220 

1-3 

2990 

1-5 

3270 

2-2 

2960 

2-2 

3380 

Ava . 

3160 

S.D. 

182 

20-15-2S-4G 


NOTE:  1.  Teeted  3  200*F  (93*0,  after  H  days  3  100'F  ,93" 

2.  S««  Figur*  9,  p*g«  IS. 


95-100%  R.H. 


NCTE :  1.  Tested  ?  200*F  (93*0,  after  14  days  }  200*^  {93’ 

2.  Sea  Figure  9,  page  It. 


95-100%  k.h. 
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INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  R  7114  ADHESIVE 
ON  FINGER  SPECIMENS  PREPARED  WITH  OPTIMIZED  FPL  ETCH 


Teat  Temp. 


72*F  (22*C)  Dry 


Spec. 

Primer  No. 


Strength 


P«i  MP 


Failure2 

Mode 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


19.9 

0-0-0-100 

20.5' 

0-0-0-100 

19.4 

0-0-0-100 

23.6 

0-0-0-100 

22.0 

0-0-0-100 

21.0 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


XA3950  F60MD 
1-1 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


200*F  (93*C)  After  Aging 


24.7 

0-0-0-100 

22.6 

0-0-0-100 

20.9 

0-0-0-100 

23.1 

0-0-0-100 

22.5 

0-0-0-100 

22.7 

1.4 

0-0-0-100 

Failure  2 
Mode 


0-100 

0-100 

20-80 

10-90 

20-80 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 

0-0-0-100 


0-0-0-100 


NOTES t  1.  Teeted  9  200»r  (93*0,  after  14  daye  9  200*F  (93*0,  95-1004  R.H 
2.  See  Figure  9,  page  18. 
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INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  AF-180  ADHESIVE 
ON  MACHINED  SPECIMENS  PREPARED  WITH  OPTIMIZED  FPL  ETCH 


Test 

Temp. 

72*F 

(22*C)  Dry 

200*F  (935C)  After  Aging1 

Adher. 

Primer 

Spec. 

Strength 

Failure  2 

Spec. 

Strength 

No. 

pat 

MPa 

Mode 

NO. 

psi 

MPa 

50  52 

NOME 

MSONE 

KHI 

■ 

H  34 

i-i 

4560 

31.4 

10-90 

3-2 

2700 

18.6 

5-95 

1-3 

4590 

31.6 

10-90 

3-4 

2680 

18.4 

5-95 

1-5 

4680 

32.3 

10-90 

mam 

1910 

13.2 

10-90 

2-2 

4690 

32.3 

10-90 

WSM 

2320 

16.0 

10-90 

2-4 

4770 

32.9 

10-90 

m 

1800 

12.4 

10-90 

Ave. 

4660 

32.1 

10-90 

2280 

15.7 

10-90 

S.D. 

80 

0.6 

H9 

420 

2.9 

BR127 

M50BE 

M50BE 

1-1 

3730 

25.7 

0-0-10-90 

3-2 

1140 

7.8 

0-0-0-100 

1-3 

3810 

26.3 

0-0-10-90 

3-4 

1230 

8.5 

0-0-0-100 

1-5 

3910 

27.0 

0-0-10-90 

4-1 

1180 

8.1 

0-0-0-100 

2-2 

3890 

26.8 

0-0-10-90 

4-3 

1150 

7.9 

0-0-0-100 

2-4 

3870 

26.7 

0-0-10-90 

4-5 

1010 

6.9 

0-0-0-100 

Ave. 

3840 

26.5 

0-0-10-90 

Ave. 

1140 

7.9 

0-0-0-100 

S.D. 

70 

0.5 

S.D. 

80 

0.6 

XA3950 

M50ME 

pH 

M50ME 

1-1 

27.3 

0-0-0-100 

3-2 

1500 

10.4 

0-0-0-100 

1-3 

27.8 

0-0-0-100 

3-4 

1370 

9.4 

0-0-0-100 

1-5 

28.3 

0-0-0-100 

4-1 

1180 

8.1 

0-0-0-100 

2-2 

27.0 

0-0-0-100 

4-3 

1480 

10.2 

0-0-0-100 

2-4 

26.9 

0-0-0-100 

4-5 

1340 

9.2 

0-0-0-100 

Ave. 

3980 

27.5 

0-0-0-100 

Ave. 

1370 

9.5 

0-0-0-100 

S.D. 

90 

0.6 

S.D. 

130 

0.9 

6061 

NONE 

M60NE 

M60NE 

T6 

1-1 

5700 

39.3 

0-100 

1-2 

3400 

23.4 

10-90 

1-5 

5410 

37.3 

0-100 

2-3 

3280 

22.6 

10-90 

2-2 

5260 

36.2 

10-90 

3-4 

2030 

14.0 

20-80 

3-3 

4620 

31.8 

0-100 

4-1 

2350 

16.2 

40-60 

4-4 

5110 

35.2 

0-100 

4-5 

2320 

16.0 

40-60 

Ave. 

5220 

36.0 

0-100 

Ave. 

2680 

18.5 

25-75 

S.D. 

400 

2.8 

S.D. 

620 

4.3 

BR127 

M60BE 

m 

■ 

1-1 

4670 

32.2 

0-0-10-90 

3-1 

2060 

14.2 

10-0-0-90 

1-3 

4630 

31.9 

0-0-10-90 

3-3 

2090 

14.4 

10-0-0-90 

1-5 

4580 

31.6 

0-0-0-100 

3-5 

2250 

15.5 

20-0-0-80 

2-2 

4860 

33.5 

0-0-10-90 

4-2 

2660 

18.3 

0-0-0-100 

2-5 

4810 

33.1 

0-C-10-90 

■SB 

16.7 

0-0-0-100 

Ave. 

4710 

32.4 

0-0-10-90 

^ iff 

15.8 

10-0-0-90 

S.D. 

120 

0.8 

Id 

1.7 

XA3950 

M60ME 

Hff 

M60ME 

1-1 

37.2 

0-0-0-100 

1-3 

3000 

20.7 

0-0-0-100 

2-2 

35.6 

0-0-0-100 

2-1 

2120 

14.6 

0-0-0-100 

3-1 

34.5 

0-0-0-100 

3-2 

2450 

16.9 

10-0-0-90 

3-3 

33.9 

0-0-0-100 

3-4 

2340 

16.1 

20-0-0-80 

4-1 

lioigni 

32.7 

0-0-0-100 

4-3 

2220 

15.3 

10-0-0-90 

Ave. 

4960 

BB 

0-0-0-100 

Ave. 

2630 

18.1 

10-0-0-90 

1 _ 

S.O. 

150 

mm 

S.D. 

410 

2.8 

NOTES  I 


1.  Tasted  9  200*P  (93*0.  after  14  days  9  200*F  (93*0,  95-100%  R.H. 

2.  See  figure  9,  page  18. 


85 


86 


87 


INDIVIDUAL  LAP  SHEAR  TEST  RESULTS  FOR  MA  429  ADHESIVE 
ON  MACHINED  SPECIMENS  PREPARED  WITH  OPTIMIZED  FPL  ETCH 


Test 

Temp. 

72*F 

(22°c)  Dry 

200*F  (93*0  After  Aging1  1 

Adher . 

Spec. 

Strei 

*?th 

Failure2 

Spec. 

Strength 

Failure  2 

Primer 

No. 

psi 

MPa 

Mode 

NO. 

pel 

MPa 

Mode 

5052 

HONE 

M50NF 

M50NF 

H34 

1-1 

4800 

33.1 

60-40 

1-3 

1460 

10.1 

90-10 

1-1 

4510 

31.1 

70-30 

1-6 

1630 

11.2 

90-10 

1-7 

4830 

33.3 

70-30 

2-1 

1230 

8.5 

90-10 

2-2 

4750 

32.7 

70-30 

2-4 

1180 

8.1 

90-10 

2-6 

4660 

32.1 

70-30 

2-5 

1250 

8.6 

90-10 

Ave. 

4710 

32.5 

70-30 

Ave. 

1350 

9.3 

90-10 

S.O. 

130 

0.9 

S.D. 

190 

1.3 

SR127 

M50BF 

M50BF 

1-2 

4530 

31.2 

90-10 

1-3 

2140 

14.7 

20-80 

1-6 

4450 

30.7 

90-10 

1-5 

2280 

15.7 

30-70 

2-1 

4520 

31.1 

90-10 

1-7 

2330 

16.1 

30-70 

2-4 

4440 

30.6 

90-10 

2-3 

2280 

15.7 

40-60 

2-6 

4510 

31.1 

90-10 

2-7 

2160 

14.9 

20-80 

Ave. 

4490 

30.9 

90-10 

Ave. 

2240 

15.4 

25-75 

S.D. 

40 

0.3 

S.D- 

80 

0.6 

XA3950 

M50MF 

M50MF 

1-1 

4620 

3.1  .8 

80-20 

1-3 

2280 

15.7 

10-90 

1-4 

4630 

31.9 

80-20 

1-6 

2100 

14.5 

10-90 

1-7 

4440 

30.6 

80-20 

2-1 

1940 

13.4 

20-80 

2-3 

4450 

30.7 

80-20 

2-4 

2040 

14.1 

20-80 

2-6 

4470 

30.8 

80-20 

2-7 

1780 

12.3 

20-80 

Ave. 

4520 

31.1 

80-20 

Ave. 

2030 

14.0 

15.75  1 

S.D. 

90 

0.7 

S.D. 

190 

1.3 

6061 

NONE 

M60NF 

M60NF 

T6 

1-1 

5290 

36.5 

80-20 

1-2 

590 

4.1 

100-0 

1-3 

5340 

36.8 

80-20 

1-4 

540 

3.7 

100-0 

1-5 

5060 

34.9 

70-30 

1-6 

540 

3.7 

100-0 

2-2 

5460 

37.6 

80-20 

2-1 

480 

3.3 

100-0 

2-4 

4940 

34.3 

70-30 

2-3 

590 

4.1 

100-0 

2-6 

5480 

37.6 

70-30 

2-5 

550 

3.8 

100-0 

Ave. 

5260 

36.2 

75-25 

Ave. 

550 

3.8 

100-0 

S.D. 

220 

1.5 

S.D. 

40 

0.3 

BR127 

M60BF 

M60BF 

1-1 

5500 

37.9 

0-0-90-10 

1-2 

1150 

7.9 

10-90 

1-3 

5310 

36.6 

0-0-80-20 

1-4 

1200 

8.3 

20-80 

1-5 

5580 

38.4 

5-0-80-15 

1-6 

970 

6.7 

40-60 

2-2 

4880 

33.6 

0-0-70-30 

2-1 

760 

5.2 

20-80 

2-4 

5260 

36.2 

0-0-70-30 

2-3 

870 

6.0 

10-90 

2-6 

5100 

35.1 

0-0-70-30 

2-5 

820 

5.6 

20-80 

Ave. 

5270 

36.3 

0-0-75-25 

Ave. 

960 

6.6 

20-80 

S.D. 

260 

1.8 

S.O. 

180 

1.2 

XA3950 

M60MF 

M60MF 

1-1 

5490 

37.8 

5-0-7C-25 

1-2 

2230 

15.4 

10-90 

1-3 

5240 

36.1 

0-0-70-30 

1-4 

1750 

12.1 

10-90 

1-5 

5590 

38.5 

5-0-70-25 

1-6 

1680 

11.6 

20-80 

2-2 

5760 

39.7 

5-0-70-25 

2-1 

820 

5.6 

20-80 

2-4 

5600 

39.9 

5-0-60-35 

2-3 

730 

5.0 

20-80 

2-6 

5680 

39.1 

5-0-65-30 

2-5 

870 

6.0 

20-80 

Ave. 

5590 

38.5 

5-0-70-25 

Ave. 

1350 

9.3 

15-85 

S.D. 

210 

1.4 

S.D. 

620 

4.3 

NOTES i  1 . 

2. 


Tested  9  200*F  i93*C), 
See  Figure  9,  page  18 


after  14  days  .a  200“F 
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(93»C)  , 


95-100%  R. H. 


APPENDIX  VII 


INDIVIDUAL  SPECIMEN  FLOATING  ROLLER  PEEL 
TEST  DATA 

The  data  presented  here  are  for  the  tests  and  results  — •  •• 
discussed  in  Paragraphs  2.3.2  and  3.2. 
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INDIVIDUAL  FLOATING  POLLER  PEEL  TEST  RESULTS 
FOR  LR  100-172  ADHESIVE 


-6S°F  (-54*0 


Ftilure  ' 
Mod* 


NOTE i  1.  T««t*d  »t  -65"F  (-54*0  *lt*i  10  minutes  «t  -65"F  (-54° 

2,  ri9Ur«  *.  P«5*  Xt. 
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INDIVIDUAL  FLOATING  ROLLER  PEEL  RESULTS  FOR  R3G2-7 


ADHESIVE 


ON  OPTIMIZED  FPL  ETCH  ADIIL RENDS ,  PRIMED  WITH  SR127 


Test  tap. 

-63°F 

(-54,C)1 

1 

}  Ache tend 
|  Alloy 

spec. 

NO. 

_  ,  i 

Failure 

Mode 

Spec. 

No. 

Stren 

zth 

FaiLure2 

Mode 

m Bra? 

lbs/ in. 
c i  width 

N/crr. 

!  2024-T3 

1-1 

— 

23.1 

0-0-60-40 

1-2 

3.5 

6.1 

0-0-80-20 

j 

1-3 

26.4 

0-0-60-40 

1-4 

3.8 

6.7 

0-0-80-20 

2-2 

15.9 

27.8 

0-0-60-40 

2-1 

2.7 

4.7 

0-0-80-20 

1 

2-4 

17.2 

30.1 

0-0-S0-30 

2-3 

4.1 

7.2 

0-0-80-20 

1 

Ave . 

15.4 

26.9 

0-0-60-40 

Ave. 

6.2 

0-0-80-20 

; 

i 

S.D. 

1.  7 

2.9 

m 

1.1 

\~ 

i  GC61-T6 

i-i 

22.2 

3  8.9 

10-0-70-20 

1-2 

7.8 

13.7 

0-0-90-10 

1 

1-3 

23.4 

41.0 

10-0-70-20 

1-4 

5.5 

9.0 

0-0-90-10 

i 

2-2 

22.9 

40. 1 

tiOT  AVAILABLE 

2-1 

7 . 7 

13.5 

0-0-90-10 

1 

2-4 

21.6 

37.8 

10-0-80-10 

2-3 

5.9 

1C. 3 

0-0-90-10 

j 

Ave . 

22.5 

39.5 

10-0-75-15 

Ave . 

4.7 

11.8 

0-0-90-10 

i 

S.D. 

o.a 

1.4 

S.D. 

1.2 

21 

;  5032-1134 

i-i 

26.5 

46.4 

10-0-50-40 

19.5 

34.1 

0-C-60-40 

! 

1-3 

27.4 

48. 0 

10-0-50-40 

20.9 

36.6 

0-0-60-40 

i 

2-2 

21.4 

37.5 

10-10-5G-30 

19.8 

34.7 

1C- LC -50-  . 

j 

2-4 

20.5 

35.9 

10-10-40-40 

13.1 

31.7 

1G-10-30-3C 

i 

Ave. 

24.0 

42.0 

10-5-45-40 

Ave  . 

19.6 

34.3 

5-5-56-35 

i 

SMI: _ 

_ 

HHffivBI 

S.D.  _ 

_U2 _ 

2 . 0 

INDIVIDUAL  FLOATING  ROLLER  ? EEL  RESULTS  FOR  EADCulKW  ADHESIVE 
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APPENDIX  VIII 

INDIVIDUAL  SPECIMEN  STRESS  DURABILITY 
TEST  DATA 

The  data  presented  here  are  for  the  tests  discussed 
in  Paragraphs  2.3.3  and  3.3. 
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APPENDIX  IX 

INDIVIDUAL  SPECIMEN  DCB  CRACK  GROWTH 
TEST  DATA 

The  data  presented  here  are  for  the  tests  and  results 
discussed  in  Paragraphs  2.3.4  and  3.4. 
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